Cost/benefit tradeoffs for reducing the energy consumption of the commercial air transportation system.  Volume 2:  Market and economic analyses by Vanabkoude, J. C.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19770016129 2020-03-22T09:13:43+00:00Z
f' 
r· 
, 
I 
~ 
>I 
., 
;: 
" 
,1 
" }'; j 
( 
/, 
• J! 
. . - -- - ~. - . '-, 
NASA CR·137924 
(~ASA-CR-'31924) COST/BENEFIT TRADEOFf'S FOR N77-23013 
REDUCING THE ENERGY CONSUMPTION OF THE / - A CO~MERCIAL AIR TIUNSPORTATION SYSTEM. He, A' (P me-' nO' 
VOLUME 2: MARKET AND ECONOMIC ANALYSES Onclas 
Final Report (Douglas Aircraft Co., Inc.) GJ/OJ 30481 
COST/BENEFIT TRADEOFFS 
FOR REDUCING THE ENERGY CONSUMPTION 
OF THE COMMERCIAL AIR TRANSPORTATION SYSTEM 
FINAL REPORT 
VOLUME II: MARKET AND ECONOM IC ANALYSES 
JUNE 1976 
Prepared Under Contract NAS2-8618 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
AMES RESEARCH CENTER 
DOUGLAS AIRCRAFT COMPANY 
MCDONNELL DOUGLAS CORPORATION 
Long Beach, California 
mm==.JA 
r. l~~'--""""''"-- "00 
,__ = lilt'''·· .- · 'm Jt;a All, •• 'A a 
'I 
, I 
, ~ 
d 
r" Ii 
: 1 
, ' 
COST/BENEFIT TRADEOFFS 
FOR REDUCING THE ENERGY CONSUMPTION 
OF THE COMMERCIAL AIR: TRANSPORTATION SYSTEM 
FIN.,L REPORT 
Vnlume II 
Market and Ec"nomic Analyses 
by 
J. C. V8'.l Abkoude 
Douglas Aircraft Company 
McDonn.ell Douglas Corporation 
Long aeach, California 90846 
June 1976 
"Pl:'epared for 
" 
NASA CR 13 79 24 
REPORT MDC J7340 
National Aeronautics and Space Adn.inistration 
NASA Ames Research Center 
C~ntract NAS2-8618 
\ 
I 
I 
\ 
" f 
~ 
.~ , 
l 
1 
~ 
l 
~ 
'J 
1 
l 
~ 
~ 
,~ 
_, __ ,,~ __ ~,_, __ , _____ -_________ , __ =-,~ _________ ~=-t.Ii_ 
PREFACE 
Thi.s report was prepared by the Douglas Aircraft Company, McDonnell Douglas 
Corporation, under NASA Contract NAS2-86l8 for a study of the "Cost/Benefit 
Tradeoffs for Reducing the Energy Consumption of thA Commercial Air Trans-
portation System." The study, hereafter referred to as the RECAT Study 
(Reduced Energy for Commercial Air Transportation), was performed from 
Ndvember 5, 1974 to June 30, 1976. 
The NASA Technical Monitor for the RECAT Study was Louis J. Williams, 
Research ~ircraft Technology Office, Ames Research Center, Moffett Field, 
California. 
The Douglas Study Team consisted of Emmett F. Kraus, responsible for 
Technical Analyses, assisted by Melvin A. Sousa, responsible for Turboprop 
Aircraft Analysis; and; June C. Van Abkoude, responsible for Market and 
Economic Analyses, assiste4 by Clayton R. Sturdevant. 
Appreciation for their cooperation and contribution is extended to the 
RECAT Study co-contractors: Lockheed-California Company, United Air Lines 
! 
and United Technologies Research ~enter. Appreciation is also extended 
to the Hamilton Standard Division of United Technologies Corporation for ;. 
assistance in preparation ~f prop£an propulsion data. 
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Federal Aviation Administration 
1 
I 
F1~ght 
i 
Fe~t 
: Four-Dimensional Area Navigation 
Gallon 
Hour 
xv 
I 
~ ! 
., 
HUSS 
lATA 
IMPR 
INC 
IOC 
LAT 
LB 
L.F. 
M 
MAX 
MF: 
I 
MI~ 
i 
MOP 
I 
NAi 
I 
NNSA 
! 
NM 
i 
NO. 
NW 
N80 
OAG 
OEW 
OPERS 
PAA 
PAC 
PROP 
PSGR 
P&WA 
RAND 
RECAT 
RPM 
RPNM 
SCW 
SLSD 
ST .M!. 
Hub-Constrained Airports 
International Ai .. r Transport Association 
Improved 
Increased 
In.direct Operating Cost 
Latin American Operations 
Pound 
Load Factor 
Mach Number 
Maximum 
O~timization Parameter: Minimum Fuel 
Minimum 
Aircraft Modification or Retrofit Option 
National Airlines 
i National Aeronautics and Space Administration 
Nautical Mile 
I Npmber 
I 
Northwest Airlines 
New Near-Term Aircraft: NASA Specification, 
1980 Introduction Date 
Official Airline Guide 
Operational Empty Weight 
Operations 
Pan American World Airways 
Pacific Operations 
Propeller 
Passenger 
I 
Pr£\tt and Whitney Aircraft 
The Rand Corporation 
Reduced Energy for Commercial Air Transportation 
Reyenue Passenger-Mile 
Revenue Passenger-Nautical Mile 
Supercritical Wing 
Sea Level-Standard Day 
Statute Mile 
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TOC 
TOGW 
TSL8 
i 
TW 
UAL 
i 
UTRC 
I 
wA 
WTD 
YR 
I 
Total Operating Cost 
Takeoff Gross Weight 
Thrust-Sea Level Static 
Trans World Airlines 
Unit=i Air Lines 
Un1ted Technologies Research Center 
Western Air Lines 
Weighted 
Year 
HtB-CONSTRAINED ~IRPORT8: iii 
I 
ATL 
BOS 
CtE 
DCA 
DEN 
DTW 
I EWR 
JFK 
LAx 
LGA 
i 
MIA 
Hartsfield-Atlanta Int'l Airport - Atlanta, Georgia' 
Uogan Int'l Airport - Boston, Massachusetts 
Hopkins Int'l Airport - Cleveland, Ohio 
Washington National Airport - Washington, D.C. 
Stapleton Int'l Airport - Denver, Colorado 
Detroit Metropolitan Airport - Detroit, Michigan 
Newark Municipal Airport - Newark, New Jersey 
John F. Kennedy Int'l Airport - Jamaica, New York 
Los Angeles Int'l Airport - Los Angeles, California 
LaGuardia Int'l Airport - Flushing, New York 
Miami Int'l Airport - Miami, Florida 
O'Hare Int'l Airport - Chicago, Illinois 
'\ 
I· 
ORO 
PIT 
SFO 
Greater Pittsburgh Int'l Airport - Pittsburgh, Pennsylvania 
San Francisco Int'l Airport - San Francisco, California 
UNITS CONVERSION TABLE: 
TO CONVERT MULTIPLY BY 
LINEAR: 
Feet to Meters 0.3048 
Nautical Miles to Kilometers 1.852 
VOLUME: 
Gallons to Liters 3.785 
WEIGHT 
Pounds to Kilograms 0.4536 
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The 
and 
purpose of this study was to examine and compare the fuel saving potential 
cost effectiveness of numerous operational and technical options proposed 
~or reducing the fuel consumption of the U.S. commercial airline fleet. 
Another objective was to determine the impact of the most promising fuel 
conserving options on fuel consumption, passenger demand, operating costs , 
and airline profits when implemented into the U.S. domestic and international I 
Jirline fleets. Additionally, the potential fuel savings achievable in the 
U.S. scheduled air transportation system over the forecast period, 1973-1990, 
was est.imated. The study was divided into three parts with each part actually 
a study in itself. 
Pkrt I, the primary study, investigated the means for reducing the jet fuel ! 
cpnsumption of the U.S. scheduled airlipes in domestic passenger operations. I 
Pkrt II concentrated on the design and examination of two turboprop aircraft I 
a~ possible fuel conserving derivatives of the DC-9-30. Part III extended 
the primary study in Pa.:ct I t9 include the internatioJ.lal operations of the 
u. S. scheduled carrier:;. 
The final results of the study are being presellted in two volumes. Volume I : 
dbcuments the results of the technical analyses, while Volume II presents the 
results of the market and economic analyses. A summary of the technical 
analyses conducted for each part of the study is given in Volume I. 
P~rt I: Study of the U.S. Domestic Air Transportation System ! 
The market analysis in Part I began with an investigation of the scheduled I 
a~rline operations within the U.S. domestic air transportation system and ! 
w~s carried out in two phases. Phase I involved the selection of a study I 
~rket representative of the domestic system's characteristics, and a , 
pr;ojection of the traffic demand in this market from 1973-1990. Phase II 
cO,ncerned the development of alternative fleet forecasts to screen and select i 
th~ most promising fuel conserving operational and technical options for the 
tJ .:S. domestic airline fleets during the forecast period. Fleet requirements 
for and fuel savings from the selected a.ircraft options in the study market 
were then proj ected to the total dome~:~lc scheduled system. 
xix 
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The route network selected in Phase I considered only those scheduled 
services operated with existing Douglas jet equipment by the U.S. domestic 
tr~nk and local service airlines within the continental United States. The 
sthdy market contained approximately 34 percent of the carriers' revenue 
passenger~iles. The spectrum of diverse equipment types serving this 
selected market, along with its traffic capacity, distribution characteristics, 
and levels of service adequately represented the total 1973 trunk and local 
service airline environment and is expected to be representative of its growth 
chrracteristics as well. After the study market was determined, a baseline 
operating scenario reflecting the. actual 1973 operating environment for these 
carriers was developed, and the traffic demand on the study network was fore-
cast through 1990. 
Cohcurrently, the possibilities for reducing aircraft and system fuel consump-
tion by means of operational changes, retrofit and production modifications, 
derivative aircraft, and new near-term aircraft were being technically analyzed. 
Sepen baseline aircraft representative of Douglas jet transports in the 
domestic fleet and the 1973 fleet serving the study market were used as the 
balses from which to compare the potential fuel savings, and later, the 
economic and operational viability of the aircraft options under consideration. 
From the technical analysis, 46 aircraft operational and design options were 
specified for further evaluation in the study market. 
In Grder to assess the economic viability of each option, consistent aircraft 
prices were developed and total operating costs were calculated at the three 
NASA-specified fuel prices of 15 cents, 30 cents, and 60 cents per gallon. 
T~e fuel consumption and operating costs of the seven baseline aircraft were 
uSed as the references from which to compare the relative improvement in fuel 
savings and TOC reductions for the 46 aircraft options. As might be expected, 
as fuel price was increased from 30 cents to 60 cents per gallon, more fuel 
conserving options became economically attractive. 
T~e selection of the most economically viable aircraft options strictly on 
the basis of direct and/or total operating costs was inconclusive, primarily 
because aircraft with unequal capabilities were being compared. They had 
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wifely different design ranges as well as seating capacities. Therefore, to 
realistically evaluate the viability of one aircraft option over a~her, the 
economic and operational performance of each aircraft was compared. including 
its ability to serve a particular market or route as well as maximize system 
profit. 
To select the most promising operational, modification, derivative or all-new 
aircraft options in terms of their fuel savings and economic viability, 
alternative fleet forecasts were developed in Phase II of the U.S. domestic 
study. These fleet forecasts were used to screen the aircraft options against 
the projected market requirements through 1990. In accomplishing this, 
alternative operating scenarios were created by varying one or more of the 
I 
operational constraints assumed in the baseline scenario during the 1973-1990 
, 
fotecast period. The operational conditions that were varied included changes 
! 
ini fuel availability and pric:;, hub constraints, RPM demand, load fac.tor, and 
th~ offering of differing comb:l.nations of aircraft options to meet subsequent 
I 
aircraft demand. The operational and economic performance of the existing, 
mo~ified, derivative, and new near-term aircraft options under study were 
i 
then measured in these simulated operating scenarios. An optimum fleet was 
selected under each alternative scenario for the 1973-1990 time period as a 
function of maximum airline profitability. 
The results of these fleet forecasts were then compared both economically and 
op~rationally. A comparison of the changes in the detailed operational and 
economic statistics for each fleet forecast, on an annual basis as well as 
over the entire study period (1973-1990), provided the information necessary 
to! assess the operational and economic viability of the various aircraft 
, 
options. The criteria used in comparing viability included operating costs, 
potential airline profit, passenger demand satisfied, fuel saved, as well as 
the forecasted fleet 'size and mix. 
! 
Out of the possibilities studied for reducing fuel consumption through 
I 
I 
op~rational changes, the most promising fuel conserving operational procedures 
were based upon an improved ATC system assumed available in 1980. With an 
improved system, direct operating cost savings of between 3 1/2 to 5 percent 
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were achieved generally for the baseline airplanes. The total potential fuel 
savings from both improved operating procedures and an advanced ATC were over 
10 percent, or nine million tons, during the period 1980-1990. 
Following the analysis of improved operational procedures, the potential for 
modifying existing and in-production aircraft to conserve fuel was evaluated. 
Retrofits to the existing airplanes included general drag reduction items, 
~inglets, and new engines. More extensive modifications to the in-production 
DC-lO models such as composite secondary structure were also examined. The 
aerodynamic retrofits studied offered the greatest potential for retrofitting 
tb conserve fuel, and, in fact, some of these aerodynamic modifications are 
currently being offered on new production DC-lO's. This was particularly true 
for the older DC-8 airplanes which also showed a modest improvement in DOC's. 
T~e existing aircraft types retrofitted with new JT8D-209 refan engines a~hieved reasonable fuel savings, but were uneconomical to operate due to the 
high cost of the new engines and the airframe modifications needed to ~nstall 
the new refan engines. Possible retrofits involving newer technology high-b~pass-ratio engines such as the JTlOn and CFM-56 were not considered in this 
study. The in-production modifications also provided fuel savings, but these 
savings were not large enough to offset the resulting increase in DOC's, 
again due to the added cost ·of the modifications. The three most promising 
modification options selected by the market provided fuel savings of almost 
1 1/2 percent over the forecast period, 1973-1990. 
The derivative aircraft types under studyl proved that it is economically 
feasible to make extensive modifications tq existing aircraft for the purpose 
of improving seat-mile fuel economy and offered the most promising potential 
for reducing fuel consumption in the near-term. When the selected derivative 
options were added to the :fleet of existing airplanes and selected mod options, 
fuel savings improved substantially to 7 percent during 1980-1990, and nearly 
8 1/2 percent in 1990 alone, or a savings of over five million tons from 1980-
1990. Profi.ts per RPM also in(;reased by over 5 percent during 1980-1990 with 
the selected derivative options in the fleet. 
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~he a11-ne~ 1980 introduction aircraft (N80's) also offered a good potential 
~or economically reducing ain!.raft fuel consumption, but since their market 
introduction was timed so close to that of the derivatives, the all-new 
~ircraft could not realize their full potential in the study market by 1990. 
Even though fuel savings of over 10 percent were achieved from a mixed fleet 
~f selected aircraft options (mods, derivatives, plus N80's) over the 1980-
~990 time period, the real promise of the N80's is demonstrated by the mixed 
! 
fleet fuel savings of 14-15 percent in 1990 alone. It would be appropriate 
to delay the introduction of the viable N80 aircraft options until 1985-1990, 
and to measure their fuel saving improvement over the viable derivative 
aircraft options through the year 2000. 
Part II: Economic Analysis of DC-9 Derivative Turboprop Aircraft 
Two short/medium range turboprop configurations were designed in Part II to 
i 
take advantage of recent advances i~ turboprop technology as a means of 
reducing aircraft fuel consumption. These two DC-9/B-737 type replacement 
airplanes were then opeJ:'~t;:iona11y and economically compared with their turbo-
fa~ counterparts. 
Total flyaway costs of the turboprop airplanes were almost 12 percent higher 
thJn for the turbofan aircraft. However, due to fuel savings of between 27 
! 
and 33 percent, the turboprops offered DOC savings of 5-6 percent with fuel 
" 
at!30 cents per gallon and 9-10 percent with fuel at 60 cents per gallon. 
! 
Po$sib1e, as yet undocumented, maintenance benefits for the turboprop airplanes 
might increase these DOC savings still further. This preliminary investigation 
showed that there is considerable promise in the fuel saving potential and 
economic viability of advanced technology turboprops in competition with 
turbofan aircraft in t~e air transportation system. 
Part III: Study of the U.S. International Air Transportation System 
The i.nternationa1 operations of the U. S. scheduled airlines were also studied 
in order to determine the international fleet requirements and anticipated 
fU'e1 demand for these carriers during the period 1974-1990. The study market 
included all the city-pairs outside the continental U.S. and Canarla presently 
served by these airlines; and a total of thirteen baseline aircraft were 
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examined as representative of the airplanes in the 1974 U.S. international 
fleet. The baseline fleet included Douglas, Boeing, and Lockheed airplanes. 
Several possible long-range derivatives of existing aircraft as well as six 
all-new near-term aircraft (N80's) were analyzed in terms of their economic 
viability and potential fuel savings relative to the baseline airplanes. 
The market analysis was accomplished in the same manner as for the U.S. 
domestic study (Part I). The U.S. international scheduled market and its 
characteristics were carefully reviewed, and a forecast was made of the 
potential traffic demand in this market from 1974-1990. For the base year, 
1974, the actual revenue passenger-miles performed were used. A baseline 
operational scenario was also developed to reflect the operating environment 
of the U. S. international carriers during 1974. Next~, alternative fleet fore-
casts were developed to ecreen the ten potential fuel conserving aircraft 
options against the projected U.S. international market r~quirements through 
1990. The objective criterion for each fleet forecast was to maximize airline 
profits through the appropriate ehoice of offered fuel conserving aircraft 
options under a particular operating environment. Using this method the 
operational and economic performance of each existing, derivative, and new 
near-term aircraft option was measured in the simulated airline operational 
scenarios on an annual basis as well as over the entire forecast period. 
Out of the ten airplanes studied, two were selected as being the most promising 
in terms of fuel conservation as well as economic and operational viability. 
These two aircraft were the DC-lO-lOD, a shortened DC-lO-lO configured for 
199 seats, and the DC-IO-30D2, a stretched DC-lO-30 with 327 seats. When the 
selected derivative options were added to the flee~ of existing airplanes, at 
a fuel price of 30 cents per gallon, profits increased by 6 percent from 1976-
1990 and by almost 7 percent from 1980-1990. Fuel savings also improved sub-
stantially, amounting to almost 6 percent during 1980-1990 and almost 11 per-
cent. in 1990 alone, or a total savings of over 4.6 million tons from 1980-1990. 
Not one of the six all-new N80 airplanes studied was really viable or flexible 
enough to be desired by the market under any of the simulated airline environ-
ments studied. When added into the fleet, the selected NBO options increased 
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profits by approximately 1 1/2 percent at a fuel price of 30 cents per gallon, 
but fuel savings did not improve over that provided by the derivatives. 
The conclusions drawn from the entire RECAT Study indicate that ~n order to 
maximize fuel savings, the air transportation industry should concentrate on 
the most viable operational, modification, and derivative options for the 
~ear-term, and continue to pursue the research and technology necessary for 
the most promising new aircraft designs including the turboprop forl985-l990 
introduction. 
'., 
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INTRODUCTION 
In late 1973, when jet fuel prices began to increase rapidly and fuel 
supplies were limited, attention was focused on the air transport industry's 
need to increase efficiency and conserve fuel. In response, the airlines 
made immediate adjustments in schedules and operations, while go~ernment and 
industrial organizations pursued efforts to identify the most effective means 
of reducing present and future transport fuel requirements. 
! 
prr1iminary studies indicated that changes in aircraft schedules and opera-
ti6ns, together with the applicati~n of new technologies, could lead to fuel 
savings of over 50 percent (References 1-10, Volume I). However, the 
i 
so;i.utions presented were often a mixture of near-term and far-term improve-
ments, and the real costs and effectiveness of these fuel saving possibilities 
over time were unclear. 
:In' November 1974, the NASA Ames Research Center contracted with Douglas 
Aircraft C01!1pany (DAC), Lockheed-California Company, United Airlines, and 
United Technologies Research Center to study the relative costs and benefits 
associated with near-term solutions for Reducing the !nergy consumed by U.S. 
domestic fon~ercial Air !ransportation (RECAT Study). The study was struc-
tured to provide interaction among the contractors in order to determine 
tnose fuel conserving options that offered the most promise for fuel conser-
vation in the near-term. The study options and their associated costs were 
reviewed by the airline contractor to assure their realism and suitabilitv 
for connnercial airline use. U~lng the most promising fuel conserving opti.:ms, 
alteTnative fleet forecasts were developed to establish realistic bounds 
around the demand for jet fuel in the U.S. domestic system through 1990. 
During the course of the study, two new areas. of interest developed for 
potential fuel conservation. The first was a specific examination of advanced 
turboprop aircraft, while ~he second was the potential for, as well as the 
particular problems associated with, fuel conservation for U. S. carriers 
operating in the international market. In November 1975, the Douglas Aircraft 
Company was contracted by NASA to study DC-9 derivative turboprop-powered 
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aircraft, and to conduct a preliminary investigation of fuel conservation 
in the. U.S. international market as additional tasks to the primary RECAT 
Study. 
I 
r~is final report documents the results of the U.S. domestic and international 
I fleet studies as well as the turboprop analysis and is presented in two 
I 
volumes. Volume I records the technical results: Sections 1.0 through 5.0 
! 
cbntain the technical analyses of the fuel conser.ving aircraft options 
I 
studied for use by the U.S. domestic airline fleet; Section 5.0 also presents 
I 
the technical details of the fuel conserving aircraft options investigated 
I 
for the U.S. international fleet; Section 6.0 describes the DC-9 derivative 
turboprop designs studied. 
Volume II presents the analyses performed to determine the market suitability 
aJd economic viability of the domestic and international fuel conserving 
o~tions as well as the turboprop aircraft under study. Section 1.0 describes 
t~e dODlesticstudy market, while Section 2.0 documents the results of the 
edonomic analyses of each aircraft option examined for use in the U.S. domestic 
I 
airline fleets. Section 3.0 presents the fleet forecast results and projected 
I jet fuel demands for the domestic study market as well as the U.S. domestic 
air transportation system. Results of the market and economic analyses con-
ducted for the IT.S. international fleet are recorded in Section 4",0, and the 
.• l 
potential economic viability of a DC-9 derivative turboprop is g;f;'en in 
Section 5.0. 
This report contains U.S. Customary Units. Conversions to International 
System (SI) Units are presented with the" Symbols and Abbreviations. 
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SECTION 1.0 
PHASE I - U.S. DOMESTIC MARKET ANALYSIS 
The objective in Phase I was to develop a flexible and realistic demand pro-
jection m04el representative of the markets served by the U.S. domestic 
scheduled airlines for the study period, 1973-1990. To accomplish thi", task 
a route network and baseline operating scenario were defined, and the traffic 
demand over thts study network was then forecast. 
Alterndtive operating scenarios were also established by varying one or more 
of the baseline operational constraints. During P~~3e II the impact of 
changing the constraints such as fuel price, fuel availability, and load 
factor on traffic demand and fuel consumption was determined from the fleet 
forecast results. This is documented in Section 3.0. 
1.1 DC-Jet Route Network 
The route network developed considered only the scheduled services operated 
with existing Douglas jet equipment by the U.S. trunk and local servic.e 
carriers within the continental United States. NASA specified 1973 as the 
initial study year in order to provide a pre-energy crisis reference for the 
fleet analysis discussed in Section 3.0. The markets served and the daily 
city-pair operational statistics including departures, available seat-miles, 
and aircraft types (DC-8, DC-9, DC-lO) were determined from the August 1973 
Official Airline Guide. August was selected because it represents the peak 
month of the yea~ for passenger travel. For consistency, the available seat-
miles were adjusted by aircraft type to reflect the technical groundrule of a 
10/90 split between first class and coach for all seating configurations., 
Using! the CAB's Seasonally Adjusted Data Report for tb~ U,S. Trunks and Pan 
American, it was determined that the August ASM's represented 9.3 percent of 
the annual 1973 available seat-miles. Therefore, applying this percentage to 
the total August ASM's, the DC-Jet route network generated 95.1 billion ASM's 
in 1973. 
1.2 Study Market vs. Total U.S. Domestic Market 
The revenue passenger-miles generated by the DC-Jet network represented 34 
percent 9f the U.S. domestic (50 state) trunk and local service carrier's 
RPM's, 126 bi1lidn in 1973. As shown in Figure 1, the traffic l.evels and 
distribution with stage length for the study market versus the actual U.S. 
domestic market were virtually the same. 
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1.3 Study Market Characteristics and Demand Model Development 
In analyzing the study market, the distribution of departures and available 
seat-miles with stage length were compared. The annual departures by range 
achieved in 1973 over the DC-Jet network are illustrated in Figure 2. Almost 
80 :percent of the flights were on routes of 600 miles or under while less 
than 5 percent of the flights were over 1,600 miles, demonstrating the 
importance of the shorter-haul routes in the network. The DC-9-30 provided 
58 percent of all the departures in the study market; 84 percent of which 
we~e to other points in the system less than 500 miles away. The DC-lO-lO 
contributed 9 percent of the departures in 1973, 74 percent of these were at 
ra~ges greater than 500 miles. 
Th~ available seat-miles, at a 10/90 split, performed over this netwo.rk in 
1973 are shown in Figure 3. Approximately 60 percent of the ASM's were 
ge~erated on routes at or under 1,200 statute miles, while almost 80 percent 
were flown on routes of 1,800 statute miles or less. In contrast to the 
departures, this distr:Lbution was more heavily concentrated at the longer 
st~ge lengths since seat-miles are a direct function of the flight mileage 
and the number of seats. Aircraft such as the DC-lO-10 are not only carrying 
, 
the most seats, but are also flying over the longer routes. For example, the 
DC-9-30 contributed 25 percent of the ASM's, but it has only 92 seats and an 
average stage length of 335 miles (290 NM). The 277 seat DC-lO-lO on the 
other hand generated 38 percent of the ASM's, the vast majority on flights 
over its average trip length of 1000 statute miles (870 NM). 
1.3.1 Stage Length Classes 
In order to preserve the importance of the shorter-haul markets in the network, 
I 
th,e distribution of departures as a function of range became the primary 
d~terminant in establishing the stage length classes necessary for the fleet 
forecasting model. Stage length classes were used to consolidate similar 
d~ily operational statistics of the study market's airport pairs into compati-
b~e groups to facilitate computer computation of a large amount of data. 
Table 1 shows the range classes chosen and the percentage of departures per 
class and cumulatively. The greatest mileage spread within a class is at the 
longer ranges. Figure 4 illustrates the 1973 ASM distribution by aircraft 
type for each stage length class. 
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TABLE 1 
STAGE LENGTH CLASSES 
Stage Length Annual Departures 
Class (Statute Miles) Percent Cumulative 
1 0 - 100 13.3 13.3 
2 101 - 150 10.9 24.2 
3 151 - 200 11.3 .35.5 
4 201 - 250 10.8 46.3 
5, 251 - 300 i 9.9 56~2 
6 301 - 400 ,10.4 66.6 
7 401 - 500 7.4 74.0 . 
8 501 - 750 10.7 84.7 
9 751 - 1000 5.9 90.6 
10 1001 - 1500 4.4 95.0 
11 1501 - 2000 2.8 97.8 
12 2001 + 2.2 100.0 
1.4 Study Market Revenue Passenger-Miles 
The 1973 study market's revenue passenger-mile demand was determined by 
applying the actual DC-Jet load factor to the ASM's. The total domestic 
system's load factor was 51.2 percent that year while the DC-Jet network's 
load factor was 49.9 percent. 
Since both the DC-lO and L-lOll had not been in service long in 1973 and the 
nUmber of these aircraft operating in the U.S. domestic system was small, the 
L+-l011 markets were combined with those of the DC-lO to provide a b'wader 
market base for the DC-lO to operate from in the later years of the forecast. 
The DC-Jet network's load factor was not quite equivalent to the actual system 
load factor due to the inclusion of the L-lOl1 markets which were generating 
a slightly lower load factor than the total domestic system during the initial 
phases of service illtroduction. 
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lJ.5 Baseline Traffic Forecast (1973-1990) 
From the base year 1973, passenger demand (RPM's) was projected to 1990 using 
the growth rates agreed upon by the RECAT Study contractors. Revenue passen-
ger-miles were forecasted to grow at an av~rage annual rate of 
o 4.7 percent from 1973-1980 
o 4.3 percent from 1981-1985 
o 3.7 percent from 1986-1990 
As shown in Figure 5, RPM's performed on the DC-Jet network double over the 
ferecast period from 42.8 billion in 1973 to 87.3 billion in 1990. Extra-
P9lating from the study market, the U.S. domestic system ~1's would be 
expected to grow from approximately 126 billion in 1973 to 257 billion in 1990 
using the same annual growth rates. 
1.5.1 Business vs. Pleasure Travel 
Using the baseline revenue passenger-mile forecasr, a projection has been made 
. of the split betwtaen business and pleasL'.-re travel during the forecast period. 
The proportion Jf business travel to total passenger travel over the DC-Jet 
route network is expected to decrease from 46 percent in 1973 to approximately 
4q percent in 1990. However, the RPM's generated by business traffic still 
increase from 19.7 billion in 1973 to about 34.9 billion in 1990, a 77 percent 
increase. 
Pleasure travel over the DC-Jet route network will increase significantly 
with revenue passenger-miles expected to grow from 23.1 billion in 1973 to 
approximately 52.4 billion in 1990, as illustrated in Figure 6. This repre-
sents a 127 percent increase in pleasure travel over the study period, whereas , 
business traffic increased only 77 percent during the same period. Increasing 
discretionary incomes, more leisure time, and life styles that include more 
travel will be major forces in continued pleasure traffic growth. 
1.6 Available Seat-Mile Potential 
An estimate of the available seat-miles that would be required to meet the 
DC~Jet RPM demand over the forecast period was made using a goal or target 
load factor of 58 percent. This planning load factor was established by the 
contractors for the baseline case. As shown in Figure 7, ASM's would grow 
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frbm 95.1 billion in 1973 to 150.5 billion by 1990, a 58 percent increase 
dJring the study period. The impact on the seat-mile forecast of the study 
b8ise1ine seating configurations using a 10/90 split is also depicted in 
F~gure 7. The lower ASM forecast is based upon the actual 1973 airline 
i 
seating configurations on the existing Douglas jets. The higher forecast is 
I 
b~sed upon the higher density baseline seating which overstates the actual 
a~ai1able seat-miles by 10.8 percent in 1973. To be consistent throughout 
t~e study, the RECAT contractors kept the seating configurations constant 
t~roughout the study period. The study baseline seating was chosen since 
I . 
tlie airlines expect the 10/90 seating mix to become the industry standard by 
1~77. Therefore, in order to keep the baseline ASM forecast as realistic as 
p~ssible, the 1973 ASM's were determined at the higher seating configurations 
aJd held constant until 1980 when the goal load factor of 58 percent was 
I r~ached. In 1979 the higher density baseline seat-mile demand converged with 
the 1010rer ASM forecast; then in 1980 grew at approximately the same rates as 
the reVelllle passenger-m:Ue forecast through 1990. The effect of this 
contractor decision on load factor is shown in Table 2. 
TABLE 2 
EFFECT OF SEAT DENSITY ON LOAD FACTOR 
: Load Factor (percent) /), ASMs Year (Percent) Ai rl ine Higher Density 
I Configl,lrations (l0/90 Spl it) ! 
I 
49.9* 45.0 10.8 I 1973 1974 52.2 46.7 10.8 
1975 54.6 48.4 10.8 
I 
1976 56.5 50.2 9.4 
1977 58.0 52.0 7.3 
1978 58.0 53.9 2.5 
1979 58.0 55.9 0.0 
1980-1990 - 58.0 0.0 
*1973 Actual load factor experienced on DC-Jet route network 
12 
- ;t§ 
1 
I t 
I ·1 I ~ 
I 1 
I 
I , 
I 
11 
I 1 
1 
1 
Use of the higher ASM forecast will not distort the study results signifi-
cantly. It is in the years 1976-1990 that the projected demand for aircraft 
fuel will be important since the years 1913-1975 represent past history. 
Assuming the airlines adopt the higher dens.~ty baseline seating in 1976/1977, 
it is realistic to expect load factors c,.lmpara!)le to those estimated in the 
higher density AS~l forecast during the En :-19/8 period. This does not mean 
that the airlines will not continue to strive for higher load factors, 
especiaJiy in times of fuel shortages. It means the carriers will be willing 
to accept lower load factors through increased seating capacities, thereby, 
allowing them to meet additional passenger growth while reducing the amount 
of fuel consumed per passenger-mile and the need for a large number of 
expensive new aircraft. In fact, th~s is exactly the situation th~ airlines 
have found themselves in during 1975 and 1970. 
The actual available seat-miles generated varied under each operating scenario 
and was an output of the fleet forecasting model used in Phase II. Figure 8 
illustrates how seat-mile demand was met under the various scenarios during 
the study period. Existing aircraft in the fleet including airplanes on hand 
and on order, less any retirements, were scheduled first to serve the passenger 
demand. If additional seat-miles were required, used aircraft from other 
airlines, as well as new aircraft, were obtained to fulfill the demand. 
AiJrcraft added to the airline fleets, whether new or used, were selected on 
their availability at a particular time, their ability to properly serve the 
available passenger demand as well as their fuel and operating cost 
characteristics. 
1.7 Baszline Operating Scenario (1973-1990) 
The baseline operational scenario developed reflected the actual 1973 operating 
environment for the domestic trunks and local service carriers. Fuel price was 
held constant at l5¢ per gallon and the availability of fuel was unlimited over 
the period. Other assumptions in this seenario included pre-energy crisis 
aircraft operating procedures, 1973 frequencies as a minimum, a target load 
factor of 58 percent, ~nd fares in 1973 dollars which were assumed to increase 
over the study period at the pre-energy crisis level of inflation of approxi-
mately 6 percent per year. 
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The fare structure used r
epresented the 1974 CAB P
hase IX levels adjusted by 
United Airlines to provid
e yield in cents per reven
ue passenger-mile in 1973
 
dollars. Figure 9 shows th
e yields used at various 
stage lengths to 
calculate revenue in the 
fleet forecast. 
The baseline revenue pass
enger-mile demand was used
 for this scenario. Also
 
all subsequent aircraft d
emand was to be met by th
e Douglas jet equipment 
types on hand in 1973 and 
new units of those types 
in production after 1973 
CDC-9-30, DC-lO-lO, DC-lO
-40). Although this baseline sc
enario is academic 
now, due to higher fuel p
rices and anticipated fue
l shortages~ it does repre-
sent a realistic scenario
 for the study period assu
ming there was no energy 
crisis. This scenario w
ill also provide the maxim
um upper limit on aircra
ft 
fuel demand by the U.S. d
omestic carriers from 1973
 to 1990. 
1.7.1 Alternative Operat
ing Scenarios 
Additional Baseline Scena
rios Alternative oper
ating scenarios were 
developed by varying one 
or several operational co
nstraints in the baseline 
scenario during the 1973-1
990 forecast period. Eig
ht alternative baseline 
scenarios, including the 
initial baseline operating
 scenario discussed in 
Section 1.7, were consider
ed where operational cons
traints were varied but 
all subsequent aircraft de
mand had to be met with t
he existing Douglas air-
plane types. In one scen
ario only fuel price was 
changed from l5¢ to 30¢ pe
r 
gallon. This price was m
ore representative of fore
casted fuel price in 
constant 1973 dollars than
 l5¢ per gallon over the s
tudy period. A higher 
fuel price of 60¢ per gallo
n was used in another sce
nario to determine the 
sensitivity of aircraft f
uel demand and fleet size
s to higher fuel prices. 
Alternative Aircraft Opti
on Scenarios Twenty
-seven additional scenario
s 
were developed under vario
us operational conditions
 including changes in fue
l 
availability and price, hu
b constraints, RPM demand
, and load factor. The 
effect of these changes o
n both fuel savings and f
leet requirements were 
assessed during Phase II 
of the study and are docu
mented in Section 3.0. 
However, in these scenari
os subsequent aircraft de
mand was not limited to t
he 
existing 1973 Douglas airp
lane types. Additional a
ircraft requirements .were
 
also met by the 32 selecte
d fuel conserving options
 including modifications 
and derivatives of existin
g airplanes as well as ne
w 1980 technology designs
. 
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1;.8 Impact of Changes in Harket Characteristics (1973-1990) 
The operational constraints of fuel availability, trip lengths, changes in 
block speed, service levels, and fares were analyzed to determine their 
impact on the projected air travel demand. Significant results of this 
analysis are discussed and documented in Section 3.0. 
1.8.1 Fuel Availability 
TWo fuel environments have been studied, and the results are presented in 
Section 3.0. The first, unlimited fuel availability and the other, fuel held 
constant at 1973 allocation levels throughout the forecast period. In 
discussions with the airlines, it was pointed out that fuel availability has 
not be.en a problem, b'.lt rising fuel costs are a major concern due to their 
impact on operating costs. Consequently, the nonconstrained fuel environment 
is considered the most realistic with airlines attempting to maximize profit 
at fuel prices of 30¢ and 60¢ per gallon. 
1.8.2 Stage Length Distribution 
Air passenger distribution by stage length has historically been skewed toward 
the shorter stages. This distribution has not changed appreciably with time 
except in extending the range to longer flights as technology permitted. 
Since today's technology aircraft satisfy the foreseeable nonstop range 
requirements, the current total travel demand distribution will be projected 
t6 hold for the study period. Fuel availability and fare levels will affect 
the distribution slightly. From the fleet forecasts in Section 3.0, it was 
determined that about 10 percent of the 1973-1990 passenger demand was not 
carried under a fuel allocated eavironment. 
1.8.3 Block Speeds 
The effects of changes in aircraft block speed to conserve fuel, whether from 
operational changes or from new design criteria, will have .little impact on 
air travel demand. Small changes in block speed will have a minimal effect on 
total trip time, and passengers may not even be aware of any small differences 
since published airline schedules normally reflect the total trip time plus 
an allowance to provide for possible delays due to airport or airways 
congestion. 
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1.8.4 Service Levels 
Passengers demand an appropriate frequency of service, and today's airline 
schedules and assigned aircraft capacities reflect this demand situation. 
Th,e constraints and assumptions used in this study will determine the neces-
sary service levels for each scenario. These include fuel availability, load 
fa;ctor, hub constrain.ts, aircraft types offered - their characteristics and 
edonomics, and minimum frequency restrictions. Therefore, the frequencies 
r~quired will be a resultant output from the specific scenarios studied and 
t~e aircraft types selected to best serve the market. However, to add airline 
realism to the study, current and future frequency limitations at the hub 
airports were predicted by UAL and UTRe. These hub constraints were input into 
the fleet forecasting model, and the impact of these constraints on passenger 
demand satisfied, fuel consumption and fleet sizes is presented in Section 3.0. 
In order not to compromise other aspects of the model, the frequency limita-
tions for each hub airport had to be simplified into compatible groups. This 
was accomplished by determining the average annual growth rates at each hub 
airport in the two forecast periods, 1973-1980 and 1981-1990. Then the hubs 
were combined into groups on the basis of "similar" 1973-1980 and 1981-1990 
growth rates as shown in Table 3. 
The total cumulative frequency limitations were calculated for each hub in 
each time period, and a weighted single "class" annual average growth rate 
was determined for each group of hubs. This class growth rate was used to 
establish the 1973-1980 and 1981-1990 annual frequency limitations for each 
hub in the group. Although the average growth rates determined for each 
class were somewhat higher or lower than the individual growth rate estimates 
made for some of the hubs in the group, this necessary simplification did not 
compromise the hub constraint objective of the study. 
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TABLE 3 
COMPATIBLE HUB CONSTRAINT GROUPS 
Maximum Frequency Constraints 
GROUP HUBS Average Annual Growth Rates (%) 
1973 - 1980 1980 - 1990 
111 LGA 0 •. 0 0.5 
DCA 0.,8 0.0 
Class 0.36 i 0.27 I 
112 SFO 2.0 2.2 
ORn 2.1 1.6 
CLE 3~4 2.6 
EWR 4~0 3.8 
Class 2~5l 2.23 i 
1f3 DTW 3 .. 8 1.3 
JFK 4.3 1.8 
AT!; 4.9 1.5 
LAX 5.3 1.4 
BOS 5,5 0.5 
PIT 5.8 
.Q.& 
-.-
Class 4.98 1.27 
114 DEN 6.9 3.9 
MIA 8.5 !:2. 
Class 7.75 2.83 
1.8.5 Fares 
There is little doubt that fares exert a tremendous influence on patterns and 
growth in air transportation. In the past, the consistent lowering of fares, 
whether in actual or real terms, has been a continual spur to growth. With 
the increase in fuel prices since late 1973, the U.S. domestic carriers have 
been asking for and getting higher fares. In 1975 fare increases were needed 
not only to cover higher fuel expenses, but also to meet higher labor costs. 
Concurrently, passenger traffic did not grow at the rates forecasted in 
early 1973. Reductions in service and higher fares stemming from a fuel 
allocation system would both act to retard air traffic growth, especially 
pleasure-oriented travel. 
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1.9 Fleet Forecasting Model 
A.Douglas computer program, the Performance Evaluation Technique, was used 
to analyze the alternative fleet forecasts during Phase II. With this method 
the operational and economic performance of the existing, modified, derivative, 
and new near-term aircraft options was measured in simulated airline operational 
sqenarios and is documented in Section 3.0. 
Ty:pical inputs required for each aircraft option included the design range; 
s~ating configuration and operating procedures; block fuel, block time, and 
DQC plus IOC versus range; available aircraft over time; and aircraft price. 
Changes to these values resulting from fuel conserving operational procf!dures 
w¢re also inputs to the program. 
A single airplane or alternative competitive aircraft can be economically and 
operationally evaluated within the constraints of a demand model and specified 
operational environment. Data calculated by the Performance Evaluation 
T~chnique, by aircraft type and for the total fleet, included revenue passen-
g~r-miles, load factor, fuel burned, average range and block speed, aircraft 
t~ips and hours, total units required, new-buy units required, total invest-
m~nt, and profit (revenue less total operating costs). A typical computer 
printout from the Performance Evaluation Technique is shown in Figure 10. 
Dqring the fleet forecasting phase of this study, the flexibility of this 
simulation technique permitted variations in the t~affic demand projections, 
variations in the aircraft concepts offered, and selection of the optimum 
fleet under each alternative operating scenario in order to maximize airline 
profitability_ 
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SECTION 2.0 
ECONOMIC ANALYSIS 
In, order to assess the economic viability of each aircraft option, consistent 
aircraft prices and operating costs had to be developed. To provide a base 
fat comparisons, the fuel consumption documented in the technical analysis 
and the operating costs of the baseline aircraft were compiled. Before an 
aircraft option was offered to tne market, it was initially screened on the 
basis of fuel saved as well as direct. and total operating costs. 
2.1 Economic Groundrules 
The ground rules used in the economic analyses were agreed upon by all the 
RECAT Study contractors and NASA. All costs and prices were in 1973 constant 
dollars. Direct operating costs were calculated using a modified 1967 ATA 
DOC formula and indirect operating costs were calculated using the 1970 
Lockheed Committee IOC formula. Both formulas were calculated at 1973 cost 
levels. 
2.2 Baseline Aircraft Pricing 
Ai,rcraft in the baseline that were no longer in production were priced on the 
basis of the latest known sale price escalated to 1973 dollars at 3.6 percent 
per year through 1972, then at 5 percent in 1973. This included the DC-8-20, 
-SO, and -61 as well as the DC-9-l0. For production aircraft, the DC-9-30, 
DO-IO-lO and DC-lO-40, an average new 1973 price was used. In order to 
c~lculate the aircraft modification prices, a used aircraft value in 1976 
dqllars was also established for each baseline aircraft. This value was 
d~rived from the 1975 known used aircraft prices and the anticipated changes 
in these prices for the Douglas airplanes in 1976. This 1976 used aircraft 
value was then deescalated to 1973 dollars. 
Engine prices for the baseline aircraft were derived either from the latest 
known new price escalated to 1973 dollars or from the engine manufacturers' 
estimates of 1973 prices. Table 4 gives the total new 1973 flyaway costs, 
engine costs and the average 1976 used values estimated for the baseline 
aircraft. 
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TYPE 
OUT OF PRODUCTION AIRCRAFT: 
-, 
DC-8-20 
DC-8-50 
DC-8-61 
DC-9-1:0 
IN PRODUCTION AIRCRAFT: 
DC-9-30 
DC-10-1O 
DC-10-40 
,:'"";'--::'. 
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TABLE 4 
BASEL I NL AIRCRAFT. PRI CES - 1973 DOLLARS 
1973 AIRCRAFT 
PRICE - NEW 1973 PRlCIPEJL __ 
{MILLIONSJ ENGINE - NEW 
$ 7.21 $329,000 
$ 8.60 
"" 
$465,000 
$10.30 $465,000 
$ 4.10 $480,000 
$ 5.15 $480,000 
$18.30 $730,000 
$21.50 $920,000 
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AVERAGE 1976 USED 
AIRCRAFTPRTtE 
$ 430,,000. 
$ 2,590,000 
$ 5,600,000 
$ 2,420,000 
$ 3,890,000 
$13,820,000 
$16,500,000 
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2~3 Aircraft Option Prices 
2.3.1 Pricing Methodology 
P~oposed all-new aircraft, aircraft derived from existing aircraft and modi-
fications to existing aircraft were priced using the Commercial Aircraft 
P~oduction and Development Cost (CAPDEC) computer program. 
The CAPDEC model was originally developed in 1969 from the RAND military 
Development and Production Cost model. The RAND equations were modified to 
obtain calibration with known commercial aircraft prices and costs. Since 
1969 CAPDEC has undergone continuous modifications and updatings and at 
present primarily reflects Douglas' labor and material costs as well as 
manufacturing experience on the DC-9 and DC-lO aircraft programs. All costs 
of an aircraft program were estimated by CAPDEC and are listed in Figure II. 
A typical computer printout from CAPDEC is shown in Figure 12. 
2.3.2 Aircraft Program Types 
An aircraft program, in general, involves the advanced design (conception), 
development, production and marketing of an airplane. A program could be 
characterized in many ways. There are four distinct types of aircraft 
programs in the CAPDEC price prediction model. 
o All-New 
o Derivative 
o Joint 
o Modification 
The primary effect of the aircraft program selection is cost allocation which 
can typically cause price estimates to vary by as much as 30 percent. However, 
each type of aircraft program has certain characteristics, therefore the 
program planners options are limited. 
All-New Aircraft The all-new aircraft program involves only one airplane 
type which is not derived from a previously produced aircraft. The original 
DC-B, DC-lO, B-707 and L-lOll airplanes were priced on this type of program 
which also includes the normal costs associated with customer changes to the 
basic aircraft. In fact, most cost models only consider this type of program 
in estimating prices of airplanes. 
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Commercial Aircraft Cost and Price Prediction Model (CAPDEC) 
estimates all costs of an aircraft program including: 
o 
o 
o 
o 
o 
Development Costs 
Initial Engineering 
Initial Tooling 
Development Support 
Flight Test 
Laboratory Testing 
Extraordinary Development 
Airframe Production Costs 
Sustaining Engineering 
Sustaining Tooling 
~~nufacturing Labor 
Manufacturing Materials 
Financial Position vs. Time 
Financial Position and Costs vs. Quantity 
Aircraft Delivery and Price Schedule 
Figure 11. Commercial Aircraft Cost and Price 
Prediction Model (CAPDEC) 
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Derivative Aircraft The derivative aircraft program also involves only 
one aircraft which has been derived from a previously developed and produce
d 
p.rent aircraft. The market available for the derivative aircraft and its 
stze is assumed to be independent and separate ~rom that of the parent 
aircraft. However, price estimates of the derivative are based on the use 
I 
a~d modifications of the parent's development exverience and costs, including 
engineering, tooling, and certification as well as the benefit of the paren
t 
aircraft's manufacturing learning experiences. The derivative aircraft doe
s 
not pay for these benefits received from the parent aircraft. 
Joint Aircraft A j oint aircraft program involves two or more related 
aircraft in a single program. These airplanes are related by commonality a
s 
well as share in the development, certification, and production costs. Jo
int 
aircraft frequently differ by such parameters as range, capacity and/or num
ber 
of engines, and the program is usually larger than if only one aircraft we
re 
of~ered. The development costs of the parts unique to one aircraft are 
allocated to it, whereas the development costs of the commonality items are
 
allocated to each aircraft in the program according to its expected market 
share. Learning curves are established for the unique and common parts bas
ed 
on the production quantities of each airplane. In CAPDEC, ea.ch joint aircraft 
is evaluated separately using commonality and market share as parameters. 
The 
DC-lO has become a joint program, and two joint aircraft were evaluated: the 
DC-lO-lO with lower galley and the DC-lO-30 with upper galley. Normal var
ia-
tions in the same basic model caused by customer preferences, however, do n
ot 
result in a joint aircraft program. 
Modified Aircraft The modification aircraft program involves the
 modifi-
cation of a part of an existing aircraft.. The cost of the modification is 
added to the base price of the current aircraft. Therefore, it is tacitly 
assumed that the modification has no market impact on the basic aircraft. 
There are two types of modification programs: (a) in-production, and (b) in-
service. The in-production mod program modifies an in-production aircraft 
on the production line. The in-service modification program considers the 
alternatives of altering an airplane already in service at the manufacture
r's 
plant or by the airline itself. 
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I 2.3.3 Pricing Assumptions 
CAPDEC estimates aircraft price on the oasis of total manufacturing costs plus 
a reasonable return for an anticipated production quantity. The RECAT Study 
contractors agreed to a program profit of 20 percent before income tax. 
Atl airframe and engine pricing was performed for 1976, then deescalated to 
1973 dollars at 5 percent per year. This was done to reflect the large price 
i~creases established by the airframe and engine manufacturers in late 1974 
and early 1975. The effect of this was to allow a more realistic economic I 
c6mparison between the selected aircraft options and the baseline aircraft 
already in the U.S. domestic airline fleets. The earliest introduction date 
of the selected options was in 1978. 
E~dsting aircraft for which there is a market were priced on an estimate of 
theIr s·.rerage new pr:ices during 1976 as obtained from Douglas Marketing.. 
2.3.4 Retrofit, Modification, and Derivative Aircraft Pricing 
Three CAPDEC aircraft pricing programs were used to price the twenty retrofit, 
modified, and derivative airplanes studied. 
o Modification in-service 
o Modification in-production 
o Derivative 
A description of each of the twenty retrofit, modified and derivative aircraft 
I op~ions is given in Table 5. 
The retrofits were modifications added to aircraft already in-service, including 
aerodynamic improvements such as winglets and/or the installation of new engines. 
These airplanes could be modified either by the airline or at the manufacturer's 
plant. 
Prices for the retrofitted aircraft are given in Table 6, while prices for the 
modification and derivative options are presented in Table 7. Each price 
includes the !;;t'oundrule of 20 percent profit before in.:.ome tax. Adequate 
.,rofit on antic.lpated market sizes was considered to be a. more appropriate 
pricing criteriC!n than breakeven quantity for these airplanes. Market sizes 
for the retrofi.t options were dependent upon the number of aircraft currently 
available in the U.S. domestic fleets for retrofitting. Market estimates for 
the other options were based on inputs from the Douglas Sales Department. 
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TABLE 5 
RETROFIT t PRODUCTION MODIFIEIJ. AND DERIVATIVE AIRCRAFT 
,-
DESIGN CHANGE ITEMS RELATIVE TO BASELINE AIRCRAFT 
Earliest General General Composite New 
Introduction New Drag Weight Secondary Stretch/ Supercritical 
Aircraft Date Engine Reduction \~inglet Reduction Structure Shrink ~~; ng 
nC-8-20R 79 JT8D-209 X X 
DC-8-20DR 78 - X X 
DC-8-20ER 79 JT80-209 - -
DC-B-50R 79 JT80-209 X X 
OC-8-500R 78 - X X , 
OC-8-50ER 79 JTBD-209 - -
OC-8-6lR 79 JT80-209 X X 
OC-8-610R 7B 
-
X X 
DC-8-61ER 79 JTBO-209 - -
DC-9-10R 78 
-
X X 
OC-9-30R 78 
-
X X 
OC-10-10R 78 - X X 
DC-10-40R 78 - X ' X 
i DC-10-l~ 78 - X X X I X 
I OC-10-4(}1 7B - X X X X I OC-9-3001 79 ,1TBO-17 - X X - +171" -
I I DC-9-3002 79 JT80-209 X - X X +209" - i I DC-9-3003 . BO - - - - - - X 
DC-10-100 80 CF6-50C X - X X -360" X I I OC-10-400 BO CF6-50A X I X X X +360" -
""'=-' Z I. 
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AIRCRAFT TYPE 
DC-S-20R 
DC-8-20DR 
DC-8-20ER 
DC-8-50R 
DC-S-50DR 
DC-8-50ER 
DC-8-61R 
DC-S-61DR 
DC-8-61ER 
DC-9-10R 
DC-9-30R 
DC-TO-lOR 
DC-10-40R 
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TABLE 6 
BASELINE AIRCRAFT RETROFIT PRICES 
1976 AVERAGE USED PRICES DEESCALATED AT 5 PERCENT PER YEAR TO 1973 DOLLARS 
(20 Percent Program Profit, No Airline Prepayments) 
USED AIRFRAME AIRFRAME MODIFICATION ENGINES ENGINES 
PROGRAM PRICE REFURBISHMENT PRICE PRICE * ZERO TIMED 
SIZE i ($ MILLION) ($ MILLION) ($ MILLION) ($ MILLION) ($ MILLION) 
I 
.43 .27 2.01 2.64 -
.43 .27 .15 - .684 
.43 .27 1.90 2.64 -
2.59 .27 2.23 2.64 -
llO 2.59 .27 .15 - .648 
I 2.59 .27 
2.12 2.64 -
5.60 - 2.23 2.64 -
5.60 - .15 - -
2.12 2.64 5.60 - -
2.42 - .08 - -
324 3.S9 .08 - - -
13.82 -
I 
.28 - -
280 16.50 .28 - - -
TOTAL 
AIRCRAFT PRICE 
($ MILLION) 
5.350 
1.534 
5.240 
7.730 
I 3.658 7.620 
10.470 
5.750 
I 
.10.360 
: 
2.500 
3.970 
14.100 
16.780 
* The used airframe price includes the value of the engines which could not be separated from the used 
price of the complete aircraft. No credit was given for the discarded engines on the aircraft 
retrofitted with new engines. 
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AI RCRAFT TYPE 
DC-9-30Dl 
DC-9-30D2 
DC-9-30D3 
DC-l0-10D 
DC-10-10M 
DC-10-40M 
DC-l0-40D 
TABLE 7 
AIRCRAFT MODIFIATION AND DERIVATIVE PRICES 
1976 PRICES DEESCALATED AT 5 PEI{CENT PER YEAR TO 1973 DOLLARS 
(20 Percent Program Profit, No Airline Prepayments) 
AIRFRAME f40DIFICATION ENGINES 
PROGRAM BASE PRICE PRICE PRICE 
SIZE ($ ~lILLION) ($ MILLION) ($ MILLION) 
80 5.45 .90 1.05 
80 6.91 .72 1.32 
400 4.48 -- .93 
260 12.99 
--
2.62 
19.13 1.52 3.34 
170 22.85 1.63 3.61 
25.27 1.89 3.93 
"'W""~J~""~'~ Ic'..;......l"+..,~.,.""'~~~~, ............ '''-....-~,-...,.-
TOTAL AIRCRAFT 
PRICE 
($ MILLION) 
, 
I 
7.40 
8.95 
5.41 
15.61 
23.98 
28.09 
31.09 
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Some special assumptions had to be developed in pr1c1ng the retrofit options. 
The retrofitted aircraft price included the average used 1976 value deescalated 
at 5 percent to 1973 dollars, plus the mod cost, and any applicable airframe 
and engine refurbishment. The average used value for the baseline aircraft in 
1976 was used rather than 1973 used prices, since no retrofits came on the 
line until 1978-1979. The used prices were estimaLed starting with the 19'6 
used values for each baseline aircraft which included the value of the engines. 
If a new engine was part of the modification package, no credit was given for 
the discarded engines. Airframe and engine refurbishment costs to bring an 
old aircraft up to comparable standards of a new airplane were estimated by 
Uhited Airlines. These costs were added to the DC-8-20 and DC-8-50 because 
both aircraft will have been in service on the average of 19 and 17 years 
respectively by 1979. The next oldest baseline aircraft, the DC-9-l0, will 
have been in service on the average only 12 years by 1978. 
T;he DC-9-30D3, the baseline DC-9-30 with 92 seats, and the DC-lO-lOD, a 
shortbHed 200 seat DC-lO, both including a supercritical wing, were priced as 
I 
d(erivatives. A market size of 400 aircraft, independent of the DC-9 program, 
is assumed for the DC-9-30D3 to arrive at a price of $5.41 million. A smaller 
market size of 260, plus the loss of 25 DC-lO-lO sales. is assumed to arrive 
at the price of $15.61 million for the DC-lO-lOD. 
~he remaining aircraft options in Table 7 were priced using the modification 
in-production program as changes to the existing baseline airplane. Once the 
modifications are added to these airplanes they become standard on that model 
qn the manufacturer's assembly line. The cost of the mod plus 20 percent 
profit was added to the 1976 new base price as estimated by Douglas Sales for 
~hat model. A program size of 80 aircraft each for the DC-9-30Dl and DC-9-30D2, 
Doth stretches over the current baseline DC-9-30. was selected as realistically 
representing additional available sales in the market for modified DC-9 
~irc~aft. The total market for all modified DC-lO's during the forecast 
period was estimated at 170 aircraft. 
2.3.5 New Near-Term (1980) Aircraft Prices 
Airframe Prices The typical pricing criterion for an all-new aircraft 
program is to breakeven at a production run of 250 airplanes. This criterion 
was agreed to by all the study contractors for the all-new 1980 technology 
32 
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aircraft. CAPDEC was used to generate an airframe cost curve based on dollars 
per pound of cost weight for the 12 NBO airplanes. The curve that was 
developed is shown in Figure 13. 
Three families of new near-term (1980) aircraft were studied: 
0 NB0-2.l5; 200 passenger, 1,500 nautical miles 
0 NBO-2.30; 200 passenger, 3,000 nautical miles 
0 N80-4.30; 400 passenger, 3,000 nautical miles 
The four airplanes within a family were each optimized for a specific parameter: 
0 Hinimum DOC at a fuel price of l5¢ per gallon 
0 Minimum DOC at a fuel price of 30¢ per gallon 
0 Minimum DOC at a fuel price of 60¢ per gallon 
0 Minimum fuel burned 
The dollar per pound values used in pricing the airframes of each of the N80 
airplanes are given in Table 8. Due to the reduced complexity involved in 
m~nufacturing the straight wing aircraft, the new near-term designs optimized 
for minimum fuel consumption were all priced 3 percent lower than those 
aircraft optimized for minimum direct operating costs at the three fuel' prices. 
The airplanes designed for minimum DOC's all had swept wings. 
TABLE 8 
Airframe Prices for the New Near-Term (1980) Aircraft (1973 Dollars Per Pound 'of Cost Weight) 
Optimization DOC15 DOC 30 DOC 60 Parameter 
NBO-2.l5 
Cost Weight (000) 117.3 118.5 121.6 $ Per Lb 115 115 114 
NBO-2.30 
Cost Weight (000) 123.8 126.6 128.2 $ Per Lb 114 113 113 
NBO-4.30 
Cost Weight (000) 241.6 248.0 254.4 $ Per Lb 99 9B 98 
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MIN FUEL 
131.3 
109 
1.37.2 
108 
291.6 
92 
i1 : 
~ ! 
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AIRFRAME 
PRlCE 
PER LB* 
200~-----------------------------------' 
180 
160 
140 
250 AIRCRAFT BREAKEVEN 
120 
100 ""' 
80 
60~--~--~----~--~--~--~----~--~ 
20 100 180 260 340 
COST WEIGHT (1000 LB) 
*REDUCE DOLLARS/LB FOR STRAIGHT WING AIRCRAFT BY 3 PERCENT. 
Figure 13. NBO AIRFRAME PRICES - 1973 DOLLARS 
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Engine Prices - Engine prices for the all-new airplanes were obtained by plotting known 1976 engine prices deescalated to 1973 dollars against their thrust capabilities (pounds of thrust at sea 1evei, standard day). A price curve was generated between the lower thrust CFM-S6 type engine applicable to the four engined NBO-2.30 (200 passengers, 3,000 nautical mile range) aircraft fa~ily through to the higher thrust CF6-6D more appropriate fOl the twin engined N80-2.IS (200 passengers, 1,500 nautical mile range) and four engil~ed NBO-4.30 (400 passengers, 3,000 nautical mile range) families. Engine prices for the N80 aircraft are illustrated in Figure 14, while total flyaway costs for each of the twelve aircraft are given in Table 9. 
2.4 Total Onerating Revenue 
In order to select those fuel conserving aircraft options that maximized the fleet's operational and economic performance, the operating profit for each alternative fleet forecast was determined and is documented in Section 3.0. Operating profit was defined as the total operating revenue less the total operating costs. This operating profit excludes interest and tax charges and, therefore, show'3 the actual economic viability of the total fleet fore-cast before financing costs and taxes. Total operating revenue included revenue from scheduled passenger and cargo services. 
2.4.1 Passenger Revenue 
The revenue generated by a particular fleet of aircraft over the forecast period 1973-1990 was bi;l,sed upon the 1974 CAB Phase IX Fare Levels. This fare structure was adjusted by United Airlines to provide yield in cents per revenue passenger-mile i.n 1973 dollars. Figure 9 in Section 1. 7 shows the yields used at various stage lengths to calculate passenger revenue in the fleet forecasts. 
2.4.2 Cargo Revenue 
Revenue provided by cargo operations was based upon an estimate of the relation-ship between cargo revenue and passenger revenue. This relationship provided by United Airlines estimated cargo revenue at 3 percent of the total passenger revenue. 
2.5 Direct Operating Costs 
Direct operating costs include the majority of aircraft-related expenses: cockpit crew, fuel, insurance, depreciation, as well as engine and airframe maintenance including maintenance burden. The study contractors and NASA agreed to use the 1967 ATA DOC method updated to 1973 cost levels to compute comparable and consistent DOC's. 
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Figure 14. N80 ENGINE PRICES - 1973 DOLLARS 
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AIRCRAFT 
CONFIGURATION 
OPTIMIZATION 
PARAMETER 
DOC @ 15¢/GALLON 
DOC @ 30¢/GALLON 
DOC @ 60¢/GALLON 
MINIMUM FUEL 
---------- ---- -----
TABL[ 9 
N80 AIRCRAFT PRICES - ~ILLIONS OF 1973 DOLLARS 
N80-2.15 N80-2.30 
AIRFRAME ENGINE FLYAWAY AIRFRAME ENGINE FLYAWAY AIRFRAME 
13.49 2.210 15.70 14.11 4.024 18.13 23.92 
13.63 2.080 15.71 14.31 3.976 18.29 24.30 
13.86 1.994 15.85 14.48 3.932 18.41 24.93 
14.31 1. 776 16.09 14.81 3.872 18.68 26.83 
~-------
-- ----- - - - --- -- -
~ 
N80-4.30 
ENGINE FLYAWAY 
4.092 28.01 
3.780 28.08 I 
3.564 28.49 
3.388 30.22 
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To maintain consistency among the crew costs for each study airplane, the 
1967 ATA crew formula updated to 1973 costs was used in calculating crew 
cO$ts rather than deriving a 1973 ALPA formula. The maintenance equations 
were modified to reflect the work done at Douglas to improve the accuxacy of
 
estimating aircraft maintenance costs. The 1973 DOC equations used in the 
study are given in Figure 15. All direct operating costs were calculated at 
the three NASA-specified fuel prices: l5¢, 30¢ and 60¢ per gallon. Lockheed 
Caiifornia Company, one of the RECAT study co-contractors, and Douglas worke
d 
closely together in finalizing a consistent set of DOC assumptions for the 
study; these are outlined in Figure 16. 
2.5.1 Baseline Aircraft 
The DOC's for the baseline aircraft were computed at various stage lengths 
for the idealized baseline flight profiles and seating densities described i
n 
Section 1.0 of the Technical Analy~is (Volume I). Direct operating cost 
curves for the baseline aircraft at the three fuel prices are shown in 
Figures 17 - 23. The cost components and total DOC's were also tabulated 
in terms of dollars per block hour ($/HR), dollars per nautical mile ($/NM), 
and cents per available seat-nautical mile (¢/ASNM). This information for 
the baseline DC-10-l0 is presented in Tables 10 - 13 along with the correspo
nd-
ing block speeds which were also calculated. The IOC data shown is discusse
d 
in Section 2.6. Data for the additional baseline airplanes is presented in 
the 
Appendix of this report. 
2.5.2 DOC Comparison with CAB Data 
The DOC's calculated by the study DOC equations were compared with the 1973 
* CAB DOC data for the baseline Douglas airplanes as shown in Table 14. The 
CAB fuel price for the particular aircraft type was used in the study DOC 
equations for comparison with the CAB DOC's. CAB data for the DC-10-40 was 
not included in the table. This was because Northwest Airlines was the only
 
carrier operating the DC-10-40, and it appeared that reported maintenance 
costs reflected initial year (1973) operations rather than typical annual 
in-service costs. 
* Source: Clvi1 Aeronautics Board, Aircraft Operating Cost and Performanc
e 
Raport, Volume IX, July 1975 
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CREW: 
INSURANCE: 
1.419 [50.0 (TOGW) (10-6) + 35.0 Nc + 30.0] tb 
1: (CT) tb 
U 
DEPRECIATION: 
MAINTENANCE-AIRFRAME 
LABOR (including burden): 
[(11.51 (WA)(10-
6) + 6.242)(tb-tg) + (154.9 (WA)(10-
6) - 4.78)] LR 
MATERIALS: 
MAINTENANCE-ENGINE 
LABOR (including burden): 
1.68 NE [{I + .01667 T (10-3» (tb - t g) + 0.5] LR 
MATERIALS: 23.6 NE (CE) (10-
6) (tb - tg + 0.33) 
FUEL 
where: 
TOGW • Max Takeoff Gross Weight (Lb) N = Number of Crewmen c 
lolA = Airframe Wetght (Lb) tb = Block Time (Hr) 
~ = Number of Engines t = Ground Maneuver Time e g 
(Hr) 
T = Static Thrust SLSD (Lb) U = Annual Utilization (Hr/Yr) 
CT = Total Aircraft Price ($) D = Depreciation Period (Yr) a 
CA = Airframe Price (CT-NECE)($) R Residual Value (%) 
CE = Price per Engine ($) K = Airframe and Engine Spares s 
LR = Maint. Labor Rate ($/Manhour) WFb = Block Fuel (Gal) 
I = Annual Insurance Rate (%) CF = Fuel Price (¢/Gal) 
Figure 15. DIRECT OPERATING COST EQUATIONS - 1973 DOLLARS PER FLIGHT 
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(%) 
r 
o MODIFIED 1967 ATA DOC EQUATIONS 
o CREW COSTS - 1967 ATA EQUATION ESCALATED AT 6% PER YEAR f 
o FUEL PRICES - 15¢, 30¢, and 60¢ PER GALLON 1 
o INSURANCE RATE - 1% 
o DEPRECIATION - 16 YEARS, 10% RESIDUAL 
o SPARES - 15% TOTAL FLYAWAY COST 
o LABOR RATE - $6.10 PER HOUR 
o DAC LATEST MAINTENANCE DATA 
I - o MAINTENANCE BURDEN - 1.8 x DIRECT AIRFRAME AND ENGINE LABOR COST 
o SEATS (10/90 SPLIT) AND ANNUAL UTILIZATION BY AIRCRAFT TYPE 
1 
ANNUAL AVERAGE DAILY 
UTI LI ZAT! ON UTILIZATION AIRCRAFT SEATS {HOURS~ {HOURS~ 
DC-8-20/20R/20DR/20ER 146 ~,700 7.4 
DC-8-50/50R/50DR/50ER 146 3,000 8.2 
DC-8-61/61R/61DR/61ER 203 3,285 9.0 
DC-9-10/l0R 70 Z,550 7.0 
DC-9-30/30R/30D3 9,2 3,,000 8.2 
OC-9-30D1 117 ~,OOO 8.2 
OC-9-3002 122 3,,000 8.2 
OC-10-10/10R/10M 277 3,,285 9.0 
OC-10-100 199 3,,285 9.0 
OC-10-40/40R/40M 252 3,,285 9.0 
DC-10-40D 32.7 3,,285 9.0 
NBO-2.15 20,1 2,,900 8.0 
N80-2.l0 201 3,285 9.0 
N80-4.30 404 3,285 9.0 
Figure 16. DIRECT OPERATING COST ASSUMPTIONS - 1973 DOLLARS 
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Fi gure 18. DC-8-52 BASELINE - DIRECT OPERATING COSTS VS. RANGE AT THREE fUEL PRICES 
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TABLE 10 
DC-l0-l0 RASELINE 
TOTAL DOC, 10C AND BLOCK SPEED VS DISTANCE 
AVERAGE STAGE LENGTH = 870 NAUTICAL MILES 
* DISTANCE BLOCK SPEED TOTAL DOC 
U.auti ca 1 Mil e) Nautical Mile t 
Hr $/Hr $/N.Mi. ~vai'a6'e Seat N.Ri. 
100 164 ~ 512.33 9.23 3.33 
250 275 386.55 5.05 1.82 
500 355 295.85 3.65 1.32 
750 389 256.28 3.23 1.17 
1.000 408 ~231.68 3.02 1.09 
2,000 445 ~200.83 2.70 .97 
3,000 459 197.69 2.61 .94 
AVG. STAGE 399 241.61 3.11 1.12 
_______ L--.. 
* FRor~ OAC PERFORf~NCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS a 277 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$). $18,300,000 
FUEL COST • 15t/GALLON 
** $/Hr 
~955. 2~ 
~903.m 
~144.31 
~769.2( 
h 553 .2~ 
h192.3~ 
h057.3l 
~652.3j 
TOTAL 10C 
t $/N.Mi. ~vaila61e Seat-N.Rt. 
24.13 8.71 
10.57 3.82 
6.05 2.18 
4.55 1.64 
3.81 1.37 
2.68 .97 
2.30 .83 
4.14 1.49 
** 
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TABLE 11 
DC-l0-l0 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 1817 .39 11.09 4.00 
250 1691.49 6.16 2.22 
500 1600.71 4.51 1.63 
750 1566.00 4.03 1.46 
1,000 1542.37 3.78 1.36 
2,000 1523.7,9 3.42 1.24 
3,000 ~533.68 3.34 1.21 
AVG. STAGE 1550.47 3.89 1.40 
* FROM DAe PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 277 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $18,300,000 
FUEL COST = 30t/GALLON 
** 
I 
TOTAL IOC 
-, 
$/Hr $/N.Mi. ¢ **1 Available Seat-N.Mi. I 
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TABLE 12 
DC-l0-l0 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 2427.52 14.81 5.35 
250 2301.38 8.38 3.02 
500 2210.43 6.23 2.25 
750 2185.44 5.62 2.03 
1,000 2163.76 5.30 1.91 
2,000 2169.70 4.87 1.76 
3,000 2205.66 4.80 1.73 
AVG. STAGE 2168.20 5.43 1.96 
~-
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 277 
LOAD FACTOR = 58.0% 
. 
AIRCRAFT PRICE (1973$) = $18,300,000 
FUEL COST = 60¢/GALLON 
** 
TOTAL IOC 
¢ 
** $/Hr $/N.Mi. Avai'able Seat-N.Mi. 
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~ (N.MI.) DOC COMPONENT 
CREW 
INSURANCE 
DEPRECIATION 
MAINTENANCE: 
AIRFRAME 
ENGINE 
FUEL @ 15¢/GAL 
TOTAL DOC 
FUEL @ 30¢/GAL 
TOTAL DOC 
FUEL @ 60t/GAL 
TOTAL DOC 
TABLE 13 
DC-10-10 BASELINE - DOC COMPONENTS VS.DISTANCE (¢/AVAILABLE SEAT-N.MI) 
AVERAGE STAGE LENGTH = 870 NAUTICAL MILES 
100 250 500 750 1,000 2,000 
.489 .292 .226 .206 .196 .180 
.122 .073 .057 .052 .049 .045 
.805 .480 .372 .339 .323 .296 
.972 .423 .241 .180 .150 .104 
.270 .153 .113 .102 .096 .086 
--
.672 .401 .310 .288 .275 .262 
3.330 1.822 1.319 1.167 1.089 .973 
1.344 .802 .621 .576 .550 .524 
4.002 2.223 1.630 1.455 1.364 1.235 
2.687 1.603 1.241 1.151 1.100 1.047 
5.345 3.024 2.250 2.030 1.914 1.758 
AVE. I 
3,000 STAGE 
LENGTH 
.175 .201 
.044 .050 
.287 .331 I 
I 
, 
.089 .164 
.082 .098 
.264 .279 
.941 1.123 
.528 .559 
1.205 1.403 
1.056 1.U7 
1.733 1.961 
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TABLE 14 
COMPARATIVE DIRECT OPERATING COSTS, 1973 
DC-8-20 DC-8-50 * * DC-8-6l DC-9-l0 DC-9-30 DC-10-10 
Study DOC's ($/BLK HR) $ 854 $ 839 $ 892 $ 477 $ 505 $1190 
CAB DOC's ($/BLK HR.) $ 908 $ 839 $ 958 $ 546 $ 518 $1326 
CAB 
1.06 1.00 1.07 1.14 1.03 1.11 DAC 
CAB FUEL PRICE (¢/GAL) 12.76 12.25 12.52 12.16 12.04 12.48 
* U.S. Domestic Trunk Airlines 
Th~ CAB direct operating cost for a particular baseline airplane was generally 
5 to 10 percent higher than the calculated cost using the 1973 updated ATA 
method. This was due largely to the following differences between the methods: 
o The ATA DOC method is based upon statistical averages and estimates 
representative but not actual airline costs, while the CAB DOC for a 
particular aircraft type is a weighted average of all the air1ine-
reported data. 
o Idealized flight profile data was used to determine study block times 
and fuel burns while the CAB data represents the averages for airlines 
operating similar equipment under different operating condit1.ons and 
policies. 
o Idealized flight profile data used for block speeds and fuel burns did 
not take into account wind conditions, nonoptimum altitude and temper-
ature variations, ground time differences or air traffic delays, nor 
fuel spillage, tankering, or the ferrying of aircraft. 
o Insurance and Depreciation are basically fixed costs and do not vary 
with aircraft performance nor by stage length. 
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Tarle 15 illustrates that the airline-reported data for a particular aircraft 
type also varies substantially by airline from the CAB average for that 
airplane type. Delta Airlines' DC-lO-lO generated the highest DOC at 31 
percent higher than the CAB DC-lO-lO average, while Continental Airlines' 
DC-lO-lO DOC's, the lowest, were 19 percent lower than the average. Not only 
are the total DOC's per block hour for the same airplane type different for 
each airline, but there are also significant differences between the elements 
comprising the direct operating costs for the same airplane in different 
airline fleets as shown in the range column on the table. 
Due to these large variances in airline DOC's, use of the 1973 updated ATA DOC 
method for the study equations was appropriate for a simulated system study. 
This method did allow a reasonable and consistent economic comparison of the 
many aircraft options. 
2.S.3 Effect of Fuel Price on DOC 
The dramatic effect fuel price has on direct operating costs is illustrated 
for the baseline aircraft in Figures 24 - 26. Fuel costs represent about 
25 percent of DOC with fuel at l5¢ per gallon, 40 percent at 30¢ per gallon, 
and 50 to 60 percent, more than one-half of all direct operating costs, at qO¢ 
per gallon. With all other DOC elements held constant, an increase in fuel 
price from l5¢ to 30¢ per gallon raises DOC's by about 25 percent. An 
increase from 30¢ to 60¢ per gallon raises DOC's by approximately an 
additional 40 percent. 
2.5.4 Impact of Fuel Conserving Operational Procedures on DOC 
The effect of fuel conserving operational procedures on direct operating costs 
for each of the baseline airplanes was also investigated. Two levels of 
improved flight operations were considered. The fuel savings the airlines 
could achieve right away under the present ATC system, and the reduction in 
fuel consumption that 'cQuld be achieved under an improved air traffic control 
system assumed to be available in 1980. These effects on DOC's when fuel is 
at 30¢ per gallon are shown in Figure 27. 
The benefits from an improved 1980 ATC environment are clearly visible. DOC's 
were reduced by 1-1/2 to 2-1/2 percent for the baseline aircraft. However, 
fuel savings achieve.d with improved flight operations under the present ATC 
system were not significant enough to result in DOC improvements at a fuel 
( , 
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DOC ELEMENTS 
($ Per B1k Hr) DAC 
Crew 222 
Fuel & Oil 257 
Insurance 56 
Maintenance (289) 
Airframe 103 
Engine 74 
Burden 112 
Depreciation 366 
--'.:. 
TOTAL DOC 
($ Per Blk Hr) 1190 
CAB DC-10-10 
--Airline DC-10-10 
DAC 0.90 Airline 
OPERATING STATISTICS 
No. of Aircraft 
--
Utilization (Hr/Yr) 3285 
Fuel (cIGal) 12.481 
Average Stage (NM) 870 
TABLE 15 
1973 OC-10-1O DOC COST COMPONENT Cor~PARISONS 
CAB CAB _ CAB DC-I0-I0 BY INDIVIDUAL CARRIER 
DC-10-10 DAC AA CO DL NA UAL lolA 
258 1.16 264 239 279 205 279 310 
281 1.09 285 282 292 269 278 298 
22 .39 12 23 25 36 24 23 
(341) 1.18 (377) (273) (276) (331) (367) (234) 
102 .99 109 71 101 88 124 66 
112 1.51 129 107 44 132 106 77 
127 1.13 139 95 131 111 137 91 
423 1.16 401 288 866 322 450 358 
1326 1.11 1338 1112 1737 1164 1397 1223 
1.00 -- 0.99 1.19 0.76 1.14 0.95 1.08 
-- -- 0.89 1.07 0.69 1.02 0.85 0.97 
62.8 
--
22.8 7.0 4.9 9.0 17.4 1.7 
3370 -- 3064 4090 3533 3702 3217 3829 
12.481 -- 12.192 12.935 12.015 11.598 12.816 13.215 
872 
--
783 978 703 734 1076 1657 
Range 
205-310 
269-298 
12-36 
234-377 
66-124 
44-132 
91-139 
i 
288-866 
1112-1737 
0.76-1.19 
0.69-1.07 
--
3064-4090 
11.598-13.215 
703-1657 
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Figure 24. FUEL~,COST AS A PERCENT OF TOTAL DOC AT THREE FUEL PRICES - 15t, 30t, and 60t PER GALLON-
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price of 30¢ per gallon. This situation was due to the increases in block 
times of 7 to 10 percent at the average stage length that resulted from the 
slowing down of the current baseline aircraft to conserve fuel. 
With a fuel price of 60¢ per gallon, fuel savings from operational procedures 
under the present ATC system provide approximately a 1 percent DOC savings 
for the DC-9-30 and DC-lO-lO, and a little more than 1 percent for the DC-10-40. 
An improved 1980 ATC system results in DOC savings of between 3-1/2 to 5 percent 
for the baseline airplanes. 
Figure 28 illustrates the effects on fuel burn, block time, and DOC's under 
the two levels of fuel conserving flight operations for the DC-9-30 and 
DC-lO-lO. For both aircraft, under the present ATC environment, block times 
increase significantly while fuel savings are not as large as under the 
improved 1980 ATC system. Therefore, in general, it takes a fuel price of 
60¢ per gallon for the present improved flight operations considered here to 
payoff economically, even though there are fuel savings. 
Seating Dens~ty - However, the most significant impact that can be made on 
fuel consumption at present is through increased seating density as shown in 
Table 16. The DC-lO-lO' s seating density with a lower galley and an all coach 
configuration is increased by almost 6 percent while block fuel and DOC's are 
reduc~\d by approximately 5 percent. The basic study DC-lO-40' s seating 
density with an upper galley is 9 percent less than the baseline DC-lO-lO. 
However, in an all tourist configuration with nine abreast seating, the 
DC-lO-40 has about the same number of seats as the DC-lO-lO with lower galleys. 
With this increased seating density of 17 percent, the DC-10-40 saved 13 per-
cent in fuel and also reduced DOC's by about 14 percent. 
While these increases in seating density can have a big impact initially, the 
improvements that are possible are eventually limited, and no fuel is saved 
if the seats do not carry mc~f' ?assengers. United Airlines, another contractor 
participating in the RECAT study, conducted a passenger survey on their route 
:network which identified seating comfort as the most important aspect .of flight. 
On the other hand, increased seating density was viewed as the least acceptable 
change by the passengers. 
2.5.5 Selected Aircraft Options 
For this discussion the aircraft options that were selected in the technical 
analysis for further study have been divided into two groups. The first 
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Aircraft Baseline 
DC-8-20 146 
DC-8-50 146 
DC-8-61 203 
DC-9-10 70 
DC-9-30 92 
DC-10-10 277 
DC-10-40 252 
TABLE 16 
EFFECT OF INCREASED SEATING DENSITIES ON BLOCK FUEL 
AND DOC AT 1973 CAB AVERAGE STAGE LENGTH 
Seating Densities Block Fuel DOC Improvement - % (¢ Per ASNM) 
Savings . 
* Increased Increase (%) % (BTU Per ASNM) @ 15¢/Ga1 @ 30¢/Ga1 @ 60¢/Ga1 
,-
159 + 8.9 7.31 7.86 7.74 7.61 
159 + 8.9 7.33 7.96 7.80 7.70 
218 + 7.4 6.14 6.73 6.56 6.45 
77 +10.0 8.63 9.00 8.92 . 8.84 
105 +14.1 11.47 12.17 12.04 11.91 
293 + 5.8 4.87 5.34 5.27 5.15 
295 +17.1 13.06 14.06 13.87 13.63 
* Change 10/90 split to all tourist @ 34" pitch (on DC-10-40, also change seats from 8 to 9 abreast) 
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group being those options related to the baseline existing airplanes and the 
second group comprising the all-new near-term 1980 aircraft. 
Total DOC's and the cost components were tabulated for each aircraft option 
at the same stage lengths used in calculating the baseline aircraft DOC's. 
The direct operating costs are presented in terms of dollars per block hour 
($/HR), dollars per nautical mile ($/NM), and cents per available seat-nautical 
mile (¢/ASNM). This information along with the corresponding block speeds for 
each airplane i·:; included in the Appendix of this report. 
2.5.6 Retrofit, Modification and Derivative Aircraft 
The twenty options related to the baseline airplanes that were studied are 
listed in Table 17. Some special assumptions had to be made in order to 
calculate realistic DOC's for the retrofitted aircraft options. 
TABLE 17 
RETROFIT, MODIFICATION AND DERIVATIVE OPTIONS 
Baseline Aircraft 
-
* 'Aircraft Type Designators Design Changes to Baseline Aircraft 
DC-8-20/50/6l R Aerodynamic and engine retrofit 
DR Aerodynamic retrofit 
ER Engine retrofit 
~-
DC-9-10/30 R Aerodynamic retrofit 
Dl Stretched DC-9-30 (117 seats) 
D2 Stretched DC-9-30 (122 seats) 
D3 DC-9-30 with supercritical wing 
DC-10-10/40 R Aerodynamic retrofit 
M Aerodynamic modification 
. 
DC-10-10 D Shortened DC-10-tO (199 seats.) 
DC-10-40 D Stretched DC-lO-40 (327 seats) 
i 
* R, DR, ER = Retrofit, M = Modification, D = Derivative 
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Retrofit Aircraft Depreciation Groundrules for the study DOC equations 
assumed a depreciable life for all aircraft options of sixteen years. 
However, in the case of the retrofitted airplanes" another depreciation 
schedule was developed to assure airline realism. Retrofits were modifica-
tions added to existing baseline aircraft that were already in service. The 
retrofit aircraft options were treated in this study as though the baseline 
airplanes had been sold and the new owner-operator was ,<avaluating the economic 
and operational improvements possible with airplanes having the retrofit options As shown in Table 17, the retrofit aircraft options included aerodynamic 
improvements such as winglets and/or the installation of new engines. 
A peak introduction year was established for each baseline aircraft type to 
which the retrofits were to be added. An average age at the time of retro-
fitting, in 1978 or 1979, was determined for each aircraft option. A minimum 
five year depreciation period was assumed for the retrofits unless the baseline 
airplane's remaining dep:;:oec:iable life prior to retrofitting was longer. In 
this case, the years remaining from the original depreciation period were 
assumed for the retrofit options. The depreciatiort periods used for each of 
the thirteen retrofits are given in Table 18. 
In discussions with the airlines, it was noted that a five year payback period 
for the retrofit options on primarily the older DC-8's is extremely generous, 
especially for an aerodynamic retrofit. Recently, the airlines in evaluating 
their own retrofit options have been faced with required one to three year 
payback periods by their lenders. This financial condition is not particularly 
conducive to the airlines for retrofitting the current aircraft in their fleets. 
Comparative Direct Operating Costs The DOC's for the retrofit, modification 
and derivative aircraft options were compared to those of the baseline aircraft 
a~ fuel prices of 30¢ and 60¢ per gallon. Results of these comparisons in 
t~rms of cents per available seat nautical mile at the 1973 CAB average stage 
l~ngth are shown in Figures 29 and 30. As might be expected, when fuel price 
i~creases from 30¢ (Figure 29) to 60¢ per gallon (Figure 30) more aircraft 
options become economically attractive than with 30¢ fuel .. : 
Figures 31 - 34 compare the fuel savings for each aircraft option against its 
improvement in DOC (¢!ASNM) at fuel prices of 30¢ and 60¢ per gallon. 
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TABLE 18 
DEPRECIABLE LIFE FOR AIRCRAFT RETROFITS 
PEAK AIRCRl.lFT RETROFIT AVERAGE AIRCRAFT AGE 
AIRCRAFT TYPE INTRODUCT-ION YEAR INTRODUCTION YEAR IN INTRODUCTION YEAR 
DC-8-20R/DR/ER 1960 1979 19 Years 
DC-8-50R/DR/ER 1962 1979 17 Years 
0\ DC-8-61R/DR/ER 1968 1979 11 Years ~ 
DC-9-10R 1966 1978 12 Years 
DC-9-30R 1968 1978 10 Years 
DC-10-10R 1972 1978 6 Years 
DC-10-40R 1973 1978 5 Years 
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DC-8 Aircraft Options - The aerodynamic retrofits on the older DC-8's offer 
the greatest feasibility for retrofitting. The new engine retrofits and the 
retrofits combining a new engine and aerodynamic improvements do not: appear 
to be economically viable options. This is due to the cost of the new engines 
at $2.64 million, as well as the expense of modifying the airframe to accept 
the engines, approximate1y.$2.mi1lion for each DC-8 model. The aerodynamic 
retrofits on each of the DC-8 aircraft studied offer fuel savings of approxi-
mately 4-1/2 percent. However, the economic impact of this retrofit on the 
DOC's of each model is quite different. There is a sizeable reduction in DOC's 
for the DC-8-20, a modest increase in DOC's for the DC-8-50, and a sizeable 
increase in DOC's for the DC-8-61. 
It should be pointed out, however, that the economic viability of each of the 
retrofit options is strongly dependent on the groundru1es assumed in calcu-
lating the DOC's. This includes ~he assumption that the aircraft has been 
sold to a new owner who is evaluating the feasibility of retrofitting the 
aircraft. If it had been assumed that the original owner was retrofitt.lng 
and keeping these airplanes in scheduled service, then the aerodynamic ~etro­
fits would all become economically viable. 
However, the original owner might feel that by forestalling the purchase of 
new equipment, he should establish a sinking fund to reserve money for the 
future purchase of new equipment. This reserve account would include the 
anticipated effect of inf1ntion on new aircraft prices at the time he is 
ready to retire the retrofitted option from service. Under these assumptions, 
some of the aerodynamic retrofits become less attractive again. Therefore, 
although some aircraft options using the groundru1es established for the study 
are very viable both in terms of fuel and DOC savings, only an individual 
airline can effectively analyze these options based on their own operational 
and economic policies. 
Q£=9 Aircr.aft Options The retrofits studied on the DC-9-10 and DC-9-30 
airplanes did not offer significant fuel savings and sizeably increased DOC's 
at both fuel prices. On the other hand, the three DC-9-30 derivative models 
all provided significant fuel savings as well as a reduction in DOC's. Since 
the difference in seating density between the DC-9-30D1, 117 seats, and the 
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DC-9-30D2, 122 seats, was so small, the comparative viability of these two 
derivatives was determined by the market during the fleet forecasting phase 
of the study which is presented in Section 3.0. 
DC-10 Aircraft Options - Under the groundru1es assumed in this study, the 
DC-10 aerodynamic retrofits do appear to be economically -,liable. They offer 
significant fuel savings, approximately 9 percent, with a modest improvement 
in DOC's with fuel at 60 cents per gallon. The DC-10 modificat:it:>n options 
do offer fuel savings but not enough to offset t'ne resulting increase in 
DOC's. 
In assessing the viability of the DC-10 derivatives, a first glance at 
Figure 34 shows the DC-10-40D to be a very via.b1e aircraft option. However, 
care must be taken in analyzing the DOC charts. If the DC-10-10D and 
DC-10-40D are replotted in terms of dollars per nautical mile, the picture 
changes importantly since the seats on these derivative models of the baseline 
aircraft vary·substantial1y~ The DC-10-l0D has been shortened to carry 200 
seats against the baseline DC-10-10 with 277 seats. The stretched DC-10-40D 
was configured for 327 seats as compared with 252 for the baseline DC-10-40. 
Viewing the DOC's of the DC-10 derivative option~ in terms of dollars per 
nautical mile ~~wov~a the effect of seat density biases. Then the DC-10-10D, 
the shortened DC-10, becomes a very viable option with a 30 percent improve-
ment in fuel burned per nautical mile and a substantial reduction in DOC's 
over the baseline DC-10-10. On the other hand, fuel savings per nautical 
mile for the DC-lO-40D were not significal1t enough at 6 percent to offset 
the. resulting large increase in DOC's per nautical mile. 
. 2.5.7 New Near-Term· (1980) Aircraft 
Three families of all new 1980 technology airplanes were studied. Tne first 
family included four airplanes designed to carry 200 passengers at a maximum 
range of 1,500 nautical miles. The second and third families of four aircraft 
each were configured for 200 and 400 passen~~rs respectively, with maximum 
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design ranges of 3,000 nautical miles. One aircraft i'n each of the three 
families was optimized specifically to meet one of the followin,g four 
criteria: 
o Minimum DOC at a fuel price of 15 cents per gallon: 
NBO-2.l5l5 , NBO-2.30l5 , NBO-4.30l5 
o Minimum DQC at a fuel price of 30 cents per ~~llon: 
NBO-2.l530, NBO-2.3030, NBO-4.3030 
o Mininnun DOC at a fuel price of 60 cents per gallon: 
NBO-2.l560, NBO-2.3060 , NBO-4.3060 
o Minimum fuel burned: 
NBO-2.l5MF , NBO-2.30MF , NBO-4.30MF 
A major impact of fuel costs on new aircraft design is in aircraft speed. 
The higher the fuel cost, the slower the airplane cruises to achieve minimum 
direct operating costs, and consequently, the more fuel saved. The airplanes 
in each family optimized for minimum fuel consumption operated significantly 
slower than those airplanes optimized for a fuel price as high as 60 cents 
per gallon. The impact of this lower cruise Mach number on fuel savings is 
impressive, about 20 percent greater than for an aircraft optimized for 
minimum DOC's at a fuel price of 60 ce.l1ts per gallon. However, the competi-
tiveness of aircraft with such slow ~~uise speeds in an airline operating 
environment is greatly reduced f.S shown in the fleet forecast results 
presented in Section 3.0. With a cruise Mach number near 0.70, aircraft 
productivity decreases substantially over an airplane with a cruise Mach 
number of O.BO or 0.B5, frequencies decline, and passengers are turned away. 
ComparativE:: Direct Operating Costs DOC's for the optimized aircraft 
within each famil~" are compared in Table 19 at various stage lengths and a 
fuel price of 30 cents per gallon. With fuel at this price, the airplanes 
within each family optimized for minimum direct operating costs at a fuel 
price of 30 cents per gallon (NBO-2.l530, NBO-2.3030 , and NBO-4.3030) will obviously have the lowest DOC's, as shown in the table. It should also be 
noted that the DOC'!3 for all the aircraft optimized for minimum DOC's are 
very nearly the SCWje. 
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TABLE 19 
COMPARATIVE DIRECT OPERATING COSTS (CENTS PER ASNM) 
FUEL = 30¢ PER GALLON 
Stage Length (Nautical Miles) 
Ab:craft Family 500 1,000 1,500 3,000 
N80 - 2.1S (200 Psgrs, l,SOO NM) 
2.1515 1.72 1.47 1.39 --
I 2.1530 1.70 1.46 1.38 -- I 
2.1560 1. 72 1.47 1.39 -- 1 
2. 15MF 1.80 1.54 1.46 --
.. I 
N80 - 2.30 (200 Psgrs, 3,000 NM) t 
j 
2.301S 1.92 1.60 -- 1.43 
. ~
l 2.3030 1.91 1.60 -- 1.43 I ~ 1 
• 
2.3060 1.91 1.62 -- 1.45 
2.30MF 1.99 1.72 -- 1.54 
! 
N80 - 4.30 (400 Psgrs, 3,000 NM) 
4.3015 1.39 1.18 .. - LOS 
"' l 4.3030 1.39 1.17 -- 1.04 I 
4.3060 1.40 1.17 -- 1.04 
4.30MF 1.50 1.28 -- 1.14 
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However, the DOC's for the airplanes optimized for minimum fuel consumption 
are between 6 and 10 percent higher than for the airplanes optimized for 
DOC's at 30 cents per gallon at the maximum design ranges. When fuel is at 
60 cents per gallon, the DOC's for the minimum fuel airplanes are between 
3 and 6 percent higher than for the airplanes designed for minimunt DOC's at 
60 cents per gallon, as shown in Table 20. 
These two tables illustrate that as fuel price increases, the direct operating 
costs of an airplane optimized for minimum DOC's and one optimized for minimum 
fuel consumption approach each other. At some higher fuel price, the DOC's 
for both aircraft types will be equal. 
Relative to Baseline Aircraft The direct operating costs of the new near-
tenn (1980) airplanes were compared with the DOC's of several baseline 
airplanes as shown in Figure 35. These comparisons were made at one third 
the design ranges of the N80 airplanes since the typical average stage lengths 
of current aircraft in domestic operations are approximately one third of 
their design r·anges. 
The N80-2.l5 family, designed for a maximum range of 1,500 nautical miles, 
is compared with the DC-9-30 and DC-lO-lO at 500 nautical miles. The DC-9-30 
has 92 seats and a maximum range with full payload of 1,220 nautical miles, 
while the DC-lO-lO has 277 seats and a range of 3,415 nautical miles. In 
terms of cents per available seat nautical mile, the N80-2.l5 family's DOC's 
are between 10 and 15 percent lower than those of the DC-9-30 and between 
5 and 10 percent higher than those of the DC-IO-IO. 
DOC's for the NBO-2.30 family with a maximum design range of 3,000 nautical 
miles were compared at 1,000 nautical miles against those of the DC-8-61. 
The baseline DC-8-6l has a comparable number of seats, 203, and a design 
range of 3,250 nautic~l miles. This family's DOC's were also compareJ to 
those of the DC-lO-IO with 277· seats and a maximum range of 3,415 nau,tical 
miles. In both comparisons, DOC's in terms of cents per available seat 
nautical mile for the NSO-2.30 airplanes were considerably higher than those 
for the DC-S-6l (between 12 and 20 percent higher) and for the DC-IO-IO 
(between IS and 26 percent higher). Since the NSO-2.30 airplanes and the 
DC-S-6l were comparable in seating capacity, fuel savings of between 20 and 
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TABLE 20 
CO~~ARATIVE DIRECT OPERATING COSTS (CENTS PER ASNM) 
FUEL - 60¢ PER GALLON 
-
Stage Length (Nautical Miles) 
Aircraft Family 500 1,000 1,500 3,000 
N80 - 2.15 (200 Psgrs, 1,500 NM) 
I 
I, 2.1515 2.25 1.94 1.84 --I 
2.1530 2.20 1.90 1.80 --
I - I 2.1560 2.20 1.89 1. 79 --
2.15MF 2.27 1.94 1.84 --
N80 - 2.30 (200 Psgrs, 3,000 NM) 
2.3°15 2. [:-9 2.10 -- 1.91 
2.3°30 2.45 2.08 -- 1.88 
I 2.3°60 2.44 2.07 -- 1.87 I .1 
; ~ 
2.30MF 2.52 2.16 -- 1.94 
.-
i 
N80 - 4 .. 30 (400 Psgrs, 3,000 NM) L 1 , 
~ 
4.3°15 1.85 1.60 -- 1.46 
4.3°30 1.83 1.55 -- 1.42 
I 4.3°60 " 1.82 1.54 -- 1.40 t 
~ ; 
,.~ 
., 
i 
, 
4.30MF 1. 92 1.64 -- 1.49 
-
1 
I 
l 
.. 
. , 
1 ; 
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FUEL 
SAVED 
A. COMPARISON OF FUEL SAVINGS (BTU/ASNM) AT 113 DESIGN RANGE 
50~---------------------------------------------~ ~ RELATIVE TO DC-9-30 
CJ RELATIVE TO DC-S-61 
40 I--_!=!.....:.:.;:::..::::...:_TIVE TO DC-I0-I0 
30 \----4 
60 MF 
(%) 20 
10 
NSO·2.15 
FAMILY 
NSO-2.30 
FAMILY 
NSO-430 
FAMILY 
B. COMPARISON OF DOC (4/ASNM) AT 113 DESIGN RANGE AND 304/GALLON FUEL PRICE 
RELATIVE 
DOC 
(%) 
30r---------------------------~~----------------_. 
~ RELATIVE TO DC-9-30 
20 
10 
-10 
CJ RELATIVE TO DC-S-61 
o RELATIVE TO DC-I0-I0 
MF 
15 30 60 
-20L--------------=:=:==--..J 
NSO-2.15 
FAMILY 
NSO-2.30 
FAMILY 
NSO-4.30 
FAMILY 
FIGURE 35. NEW NEAR-TERM AIRCRAFT FUEL SAVINGS AND DOC COMPARISON 
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29 percent for the N80-2.30 family were not enough to off~let the effect of 
a total aircraft price of between 76 and 81 percent higher than the DC-8-6l 
on the DOC accounts. However, the DC-la-10 carried an extra 17 seats relative 
to the N80-2.30 airplanes, and in terms of dollars per nautical mile, DOC's 
for the NBO-2.30 family are between 9 and 15 percent lower than for the 
DC-lO-lO. 
The direct operating costs for the N80-4.30 family with a maximum design 
range of 3,000 nautical miles were also compared to the DOC's of the baseline 
DC-8-6l and DC-lO-lO airplanes. The DOC's for the N80-4.30 family in terms 
of cents per available seat nautical mile were significantly lower than those 
of the DC-8-6l (between 6 and 14 percent lower) and of the DC-lO-lO (between 
11 and 19 percent lower) primarily due to the large differences in seating 
capacity. 
Relative to Derivative Aircraft Options Further DOC comparisons for the 
NBO aircraft were made with those of the derivative aircraft options as 
shown in Table 21. Several conclusions are apparent from the chart. 
First, the N80-2.l530 airplanes DOC's are 7 percent lower than those of the 
DC-lO-lOD at a stage length of 500 nautical miles. However, it should be 
emphasized that the relatively long-range DC-lO-lOD is being compared at 500 
nautical miles to an aircraft optimized for operations at short stage lengths. 
In comparing the N80-2.l530 to aircraft having more compatible design ranges, 
namely the DC-9-30 and DC-9-30Dl, the N80-2.l530 has a considerable advantage 
in seat-mile economy because it carries more seats. 
Secondly, it appears from the chart that the N80-2.3030 airplane is not a 
viable aircraft option for an airline attempting to maximize profits. This 
airplane's DOC's are not competitive at a 1,000 nautical mile stage length 
with the DOC's of any of the baseline or derivative aircraft likely to be 
operating in the same markets as the NBO-2.3030• 
Additionally, the N80-4.3030 seat-mile DOC is substantially better than those 
for aircraft with half the seats, the DC-8-6l and DC-lO-lOD as well as the 
baseline DC-lO-lO with only 70 percent of the seating capacity. Also the 
DOC's for the N80-4.3030 airplane are 3 percent lower in dollars per nautical 
7B 
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Aircraft Type 
TABLE 21 
COMPARATIVE DIRECT OPERATING COSTS 
Fuel = 30¢ Per Gallon 
N80-2.1530 (200 PSGRS. 1500 NM DESIGN RANGE) 
At 1/3 Design Range - 500 Nautical Miles 
DC-9-30 DC-9-30D1 DC-10-10 
(Psgrs. Design Range) 92. 1220 NM 117. 1350 NM 277. 3415 
Relative DOC: 
$/NM 
¢/ASNM 
1.915 1.660 .759 
.876 .966 1.046 
N80-2.3030 (200 PSGRS, 3000 NM DESIG~l RANGE) 
At 1/3 Design Range - 1000 Nautical'Mi1es 
DC-10-10D 
NM 199. 2900 NM 
.936 
.926 
Aircraft Type DC-8-61 DC-10-10 DC-10-10D 
(Psgrs, Design Range) 203, 3250 NM 277, 3415 NM 199, 2900 NM 
Relative DOC: 
$/NM 1.106 .853 1.053 
¢/ASNM 1.117 1.175 1.042 
N80-4.3030 (400 PSGRS, 3000 NM DESIGN RANGE) 
At 1/3 Design Range - 1000 Nautical Miles 
Aircraft Type DC-8-61 DC-I0-10 DC-10-10D 
(Psgrs, Design Ra~ge) 203, 3250 NM 277, 3415 NM 199, 2900 NM 
Relative DOC; 
$/NM 1.615 1.245 
I 
1.537 
¢/ASNM .812 .854 .757 
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327,4870 NM 
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mile and almost 22 percent lower in cents per available seat nautical milia 
than t.he DOC's of the DC-lO-40D. Here again it should be not~d that not IDnly 
was the N80-4.3030 designed for a range of 3,000 nautical miles versus 4,B70 
nautical miles for the DC-lO-40D, but also the NBO-4.3030 has about 23 percent 
more seats than the DC-lO-40D. 
Selection of Aircraft Options on the Ba,sis of DOC As can be f;;een, DOC 
comparisons on a consistent basis were difficult, since an aircraft with 
lower direct operating costs than a competitive aircraft option in terms of 
dollars per nautical mile, often had higher DOC's in terms of cents per 
available seat nautical mile or vice versa. Therefore, the relative ranking 
of the aircraft options with respect to DOC's alone would be inconclusive 
primarily because aircraft with unequal capabilities are being compared. 
They have widely varying design ranges as well as seating capacities., Also, 
it should be noted that the NBO airplanes were designed to carry only a full 
passenger payload plus baggage, while the baseline airplanes and the derivative 
options were sized to carry cargo as well. Additionally, fuel savings achieved 
'by the NBO's were based on cruise climb procedures rather than step altitude 
profiles. Since cruise climb is more fuel efficient ,than the step altitude 
profiles use.d for the baseline and derivative airplanes, fuel savings from 
the NBO aircraft are larger than would have been achieved with the presently 
more realistic step altitude profiles. 
Selection of Aircraft Options Based Upon Market Requirements Basically, 
the DOC data in Table 21 illustrates the fact that to realistically evaluate 
the DOC improvement of one aircraft over another involves comparing the 
economic and operational performance of each aircraft in a particular market. 
Also an airline's route structure could determine the selection of one 
aircraft type over another. For instance, an airline with a predominance of 
short-haul routes would most likely find the NBO-2.lS family to be more 
economic than a DC-lO-lO. On the other hand, an airline with longer stage 
lengths would be limited to routes of 1,500 nautical miles or less with the 
NBO-2.lS. Therefore, the DC-lO-lO might be less economic than the NBO-2.lS 
on the short routes but much more economic on the medium and long-haul routes 
as well as optimal when operated within the airline's entire routing network. 
Consequently, all 32 selected aircraft options were allowed to prove their 
economic viability in the marketplace during the fleet forecasting phase of 
the study (Section 3.0). 
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2.6 Indirect Operating Costs 
In contrast to the direct operating costs wnich are aircraft related, the 
majority of airline indirect operating costs are considered to be nonaircraft 
related. Rather these costs are viewed as airline system related. They are 
primarily traffic (passenger and/or cargo) dependent and are heavily influenced 
by management philosophy. Traffic related expenses vary with the traffic 
volume and are directly related to it. This includes the costs for food and 
beverage service, passenger and cargo liability insurance, traffic servicing, 
as well as reservations, sales, and sales commissions. The airline related 
costs ar.e usually budgeted or predetermined annually by company management 
as a function of estimated revenue. These costs include advertising and 
publicity expenses as well as general and administrative costs. Since IOC's 
are so heavily traffic, revenue and airline related, the RECAT Study contrac-
tors and NASA agreed to usetbe 1969 Lockheed Committee IOC formula updated 
to 1973 cost levels. This allowed for the computation of comparable and 
consistent indir\;ct operating costs for each aircraft studied. 
2.6.1 Lockheed Committee IOC Method 
';['he 1969 Lockheed IOC method was developed from the annual expense data and 
operating statistics reported to the Civil Aeronautics Board by the U.S. 
airlines. The CAB publishes this data in the Form 41 Schedules detailing 
indirect expenses by function or cost categories and objective accounts along 
with the related airline operating statistics, but not by aircraft type. 
During development of the Lockheed IOC formula, each CAB indirect expense 
function was analyzed in detail and related to one or more appropriate airline 
operating statistic. In order to equitably distribute the indirect operating 
costs to all types of aircraft, the related operating parameters were 
established very carefully. Coefficients were developed which when applied 
to the selected operating statistics reasonably duplicated the U.S. domestic 
system's indirect operating expenses for the year 1969. These system IOC's 
represented the total IOC's for the eleven domestic airlines as reported to 
the CAB in 1969. 
This IOC method produces average airplane costs and is intended as a basis of 
comparison between different aircraft types. Since costs calculated with thi~ 
formula represents averages, they cannot be compared directly to actual cost 
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data experienced by a particular carrier. Indirect operating costs for an 
individual airline are dependent upon its route structure, passenger traffic, 
aircraft types and' fleet sizes. as well as i.ts accounting procedures and 
management philosophy. Table 22 illustrates the wide spread of annual 1973 
indirect operating costs among eight trunk and six local service carriers 
operating Douglas jet equipment 'in U. S. domestic service. 
2.6.2 Comparison of CAB IOC Data with Lockheed IOC Method 
CAB Cost Categories The IOC functions or cost categories defined by the 
CAB are listed in Table 23. The Lockheed cost categories are similar but 
some variations were made in account groupings within each IOC function. 
This was done for those accounts that tended to vary with a common operating 
statistic. Table 24 gives the Lockheed cost categories and shows the relation-
ship of the CAB IOC functions to these categories. Although each CAB function 
is included, several functions appear in more than one of the Lockheed cost 
categories illustrating the variation in objective account groupings. 
TABLE 23 
CAB INDIRECT OPERAT1NG COST FUNCTIONS 
5200 - Direct Maintenance -
Ground Prop. & Equip. 
5300 - Applied Maint. Burden. -
Ground Prop. & Equip. 
5500 - P,assenger Service 
6100 - Aircraft Servicing 
6200 - Traffic Servicing 
6300 Servicing Administration 
6500 - Reservations & Sales 
6600 - Advertising & Publicity 
6800 - General & Administrative 
7000 - Depreciation & Amort. -
Ground Prop. & Equip. 
Slnce the IOC's are considered traffic or airline related, the CAB Form 41 
data is not broken down by aircraft type. However, controversy exists as to 
whether landing fees, cabin service expenses including cabin attendant costs 
as well as aircraft servicing expenses should not be considered aircraft 
related and possibly as elements of DOC. Historically these costs were very 
,jariab1e and as a convenience were treated as an annual airline cost as the 
CAB has done rather than related to a particular flight by equipment type. 
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TABLE 22 
ANNUAL 1973 INDIRECT OPERATING EXPENSES BY Al~NE 
ANNUAL IOC I ANNUAL IOC 
(MILLIONS) PERCENT OF DOC LOCAL SERVICE (MILLIONS) 
i" 
$ 801.8 140 ALLEGHENY $ 167.8 
165.7 124 HUGHES AIRWEST 71.3 
203.8 121 I NORTH CENTRAL 68.4 578.0 137 OZARK 43.9 
606.1 139 SOUTHERN 42.4 
207.5 
" 
133 TEXAS INT'L. 40.6 
176.5 82 
977 .3 120 
202.1 137 
$3,918.8 WID. 128 TOTAL $ 434.6 
AVG. 
~.~- -------- -----
---------- - --
SOURCE: CAB FORH 41 DATA FOR THE YEAR 1973 
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TABLE 24 
COMPARISON OF STUDY IOC COST CATEGORIES VERSUS 
CAB FORM 41 IOC FUNCTIONS 
OBJECTIVE ACCOUNTS WITHIN THESE CAB 
LOCKHEED INDIRECT OPERATING IOC FUNCTIONS RELATED TO LOCKHEED 
COST CATEGORIES IOC COST CATEGORIES 
l. AIRCRAFT SYSTEM EXPENSES 5200 - Direct Maintenance -
Ground Prop. & Equipment 
5300 - Applied Maintenance Burden -
Ground Prop. & Equipment 
7000 - Depreciation and Amortization - ~ 
Ground Prop. & Equipment 
2. AIRCRAFT LOCAL EXPENSES 5200 - Direct Maintenance -
Ground Prop. & Equipment 
5300 - Applied Maintenance Burden -
Ground Prop. & Equipment 
" 6100 - Aircraft Servicing 
6300 - Servicing Administration 
7000 - Depreciation and Amortization -
Ground Prop. & Equipment 
3. AIRCRAFT CONTROL EXPENSES 6100 - Aircraft Servicing 
4. CABIN ATTENDANT EXPENSE 5500 - Passenger Service 
5. PASSENGER SERVICE 5500 - Passenger Service 
6. PASSENGER HANDLING EXPENSE 6200 - Traffic Servicing 
6500 - Reservations & Sales 
, 
7. CARGO HANDLING 6200 - Traffic Servicing 
8. OTHER PASSENGER SERVICE, 5500 - Passenger Service 
COMMISSIONS AND ADVERTISING 6500 - Reservations & Sales 
6600 - Advertising & Publicity 
9. FREIliHT COMMISSIONS AND 6500 - Reservations & Sales 
ADVERTISING 6600 - Advertising & Publicity 
10. GENERAL AND ADMINISTRATIVE 6800 - General & Administrative 
EXPENSES 
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Impossibility of Direct Comparison - In defining a method to compare the 
economic viability of one aircraft to another, Lockheed found it appropriate 
to allocate some IOC expenses by aircraft type. Since the CAB Form 41 data 
is not in this format, it is not possible to directly compare the CAB IOC's 
with those calculated by the formula for each airplane studied. Also, the 
CAB allows the airlines great latitude in assigning and allocating expenses 
to the objective accounts within the various IOC functions or cost categories. 
Therefore, it would also be impossible to duplicate the IOC's for one parti-
cular carrier. However, use of the Lockheed IOC method is reasonable for this 
study in comparing aircraft options since the formula is representative of 
IOC's for the U.S. domestic system. 
2.6,.3 Updated Lockheed IOC Method 
Recently the Lockheed California Company in Report COA 2061, July 1974, 
updated the IOC coefficients originally developed in 1969 to estimate 19'/3 
cost levels. These coefficients were used in the study and represented the 
1973 wl~ighted average of the CAB Form 41 data for the U.S. domestic carriers. 
The 1973 Indirect Operating Cost equations used are given in Figure 36. 
Assumptions in Using the Method - Lockheed and Douglas worked together in 
establishing a firm set of IOC assumptions for the study. These are documented 
in Figure 37. In using the Lockheed IOC method (Figure 36), the IOC's for a 
given aircraft would vary slightly with a change in fuel price since the 
general and administrative account is a function of DOC. However, realisti-
cally no variation in IOC expenses were anticipated as a result of higher fuel 
prices. Therefore this effect was ignored, and. all IOC's were calculated 
based upon DOC's with a fuel price of 15 cents per gallon. 
With an increase in load factor above the target of 58 percent, a slight 
increase could occur in several of the passenger service functions. However, 
since the resulting ~ecrease in frequencies due to the higher load factors 
could lower some expenses and offset the increases in the passenger service 
areas, this effect on aircraft IOC's was also not considered in this stUGy. 
2.6.4 Baseline Airplanes and Selected Aircraft Options 
The indirect operating costs (IOC's) for the baseline Douglas airplanes and 
the 32 selected, aircraft options were calculated using the updated 1973 Lock-
heed formula. IOC's were determined at various stage lengths in terms of 
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1. AIRCRAFT SYSTEM EXPENSES: 
2. AIRCRAFT LOCAL SERVICING EXPENSES: 
3. AIRCRAFT CONTROL EXPENSES: 
4. CABIN ATTENDANT EXPENSE: 
5. PASSENGER SERVICE: 
6. PASSENGER HANDLING EXPENSE: 
7. CARGO HANDLING: 
8. OTHER PSGR SERVICE. COMMISSIONS 
AND ADVERTISING: 
9. FREIGHT COMMISSIONS AND 
ADVERTISING: 
10. GENERAL AND ADMINISTRATIVE 
EXPENSES: 
0.51 x DML 
-3 1.47 (TOGW x 10 ) 
19.49 
22.73 (CC x t b) 
1.12 (PSGR x t b) 
5.42 x PSGR 
75.68 ICARGO TONS + PSGR x 35 ] ---2000 
0.0037 x RPM 
0.0059 x RTM 
9 
0.053 [(DOC-DEPRECIATION) + L $] 
1 
where: 
DML = Direct Maintenance Labor ($) 
TOGW = Max Takeoff Gross Weight (lb) 
PSGR = Number of Passengers 
DOC = Direct Operating Costs 
CC = Number of Cabin Attendants 
tb = Block Time (hr) 
RPM = Revenue Passenger-Miles 
RTM = Revenue Tons~iles 
(1) Revision to 1969 Lockheed Indirect Operating Expense Method 
Report, COA 2061, Lockheed-California Company, July 1974 
Figure 36. Indirect Operating Cost Equations(l) 
1973 Dollars per Departure 
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o UPDATED LOCKHEED IOC COEFFICIENTS FOR U.S. DOMESTIC CARRIERS 
IN 1973 (REPORT NO. COA/1277. JUNE 1974) 
o LOAD FACTOR 58 PERCENT 
o FREIGHT CARRIED BASED ON UAL EXPERIENCED TONNAGE AT THE UAL 
DOMESTIC AVERAGE STAGE LENGTH BY AIRCRAFT TYPE 
o CARGO REVENUE - 3 PERCENT OF TOTAL REVENUE GENERATED BY 
SCHEDULED PASSENGER SERVICE 
o CARGO TONNAGE AND CABIN ATTENDANTS ASSUMED BY AIRCRAFT TYPE 
DC-8-20/20R/20DR/20ER 
DC-8-50/50R/50DR/50ER 
DC-8-61/61R/61DR/61ER 
DC-9-10/10R 
DC-9-30/30R/30D3 
DC-9-30D1/30D2 
DC-10-10'40R/1~ 
DC-10-10D 
DC-10-40/40R/4OM 
DC-10-40D 
N80-2.15 FAMILY 
N80-2.30 FAMILY 
N80-4.30 FAMILY 
CABIN 
.. ATTENDANTS 
5 
5 
6 
2 
3· 
4 
8 
6 
8 
10 
6 
6 
11 
CARGO 
TONS 
.78. 
.78 
.78 
.46 
.46 
.46 
2.60 
2.60 
2.60 
2.60 
1.95 
2.05 
3.40 
IOCs EXPECTED NOT TO VARY SIGNIFICANTLY WITH FUEL PRICE INCREASES 
Figure 37. INDIRECT OPERATING COST ASSUMPTIONS - 1973 DOLLARS 
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dollars per block hour ($!HR), dollars per nautical mile ($!NM) and cents per 
available seat-nautical mile (¢/ASNM). An example of this IOC data is 
presented for the baseline DC-lO-lO in Table 25. The IOC's for each baseline 
airplane were also tabulated by the major cost components in the Lockheed 
equations. The indirect operating cost categories in terms of cents per 
available seat nautical mile are given for the baseline airplanes in Tables 
26-32. Additional IOC data for the baseline airplanes and all the aircraft 
options are given in the Appendix of this report. 
Retrofit and Modification Options It should be pointed out, however, that 
the IOC's for the airplane retrofits and modifications were virtually identical 
to those for their respective baseline airplanes. This occurred since no major 
changes had been made to these modified aircraft options, and theoir seating 
capacities and block times v~rsus range remained the same as those for the 
baselines. The small differences in takeoff gross weights and possible 
direct engine maintenance labor costs hardly affected the total IOC's for 
the retrofits and modifications relative to their baselines. Therefore, for 
this study their IOC's were assumed equivalent to those of their respective 
baseline airplanes. 
Table 33 compares the roc's of the diff.erent aircraft types including the 
existing baseline airplanes and their derivatives at various stage lengths. 
As can be seen, IOC's did not vary significantly for similar aircraft types 
of approximately the same seating capacities. This is demonstrated by the 
DC-8-20 and DC-8-50 as well as the DC-9-30 and its three derivatives. IOC's 
for the DC-9-30D2, with the highest seating capacity of the DC-9 derivatives, 
were only 3 percent less at 500 nautical miles and less than 2 percent less at 
1,500 nautical miles. The DC-9-30D2 has 30 more seats than the baseline 
DC-9-30 but carries only 17 more passengers at a 58 percent load factor. 
The roc's for the DC-lO baseline airplanes and their derivatives vary from 
the relationship established above. This is due to the large differences in 
the sizes of the aircraft resulting in differing takeoff gross weights, 
se~ing capacities, and the required number of cabin attendants on the 
derivative aircraft options. The DC-lO-lOD has 78 seats less than the base-
line DC-IO-IO while the DC-lO-40D has 75 seats more than the baseline DC-IO-40. 
These variations in seating cap~cities are directly related to passenger volume 
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TABLE 25 
DC-10-10 BASELINE 
;1", 
~'" A TOTAL DOC, IOC AND BLOCK SPEED VSDISTANCE 
AVERAGE STAGE LENGTH - 870 NAUTICAL MILES 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
. Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 164 512.33 9.23 3.33 
250 275 ~386.55 5.05 1.82 
500 355 ~295.85 3.65 1.32 
750 389 256.28 3.23 1.17 
1.000 408 "231.68 3.02 1.09 
2,000 445 1,200.83 2.70 .97 
3,000 459 ~197.69 2.61 .94 
AVG. STAGE 399 ~241.61 3.11 1.12 
L----_____________ 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 277 
LOAD FACTOR = 
AIRCRAFT PRICE (1973$) = 
FUEL COST = 
58.0S 
$18,30TOO 
1St/GALLON •• 
** $/Hr 
~955.2f 
~903.m 
~144.31 
~769.2( 
~553.2~ 
~ 192 .3: 
~057 .3f 
n652.3j 
TOTAL IOC 
¢ 
** $/N.Mi. Available Seat-N.M;. 
24.13 8.71 
10.57 3.82 
6.05 2.18 
4.55 1.64 
3.81 1.37 
2.6~ .97 
2.30 .83 
4.14 1.49 
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TABLE 26 
OC-8-20 BASELINE ~ roc Cor~PONENTS VS. DISTANCE ({(AVAILABLE SEAT NMl 
AVERAGE STAGE LENGTH - 862 NAUTICAL MILES 
.'-' ~ (N~t) 100 250 500 750 1000 2000 IOC COf.1PONENTS 
SYSTEM EXPENSE .165 .081 .053 .044 .039 .032 
LOCAL EXPENSE 2.779 1.112 .556 .371 .278 .139 
AIRCRAFT COfJTROL .133 .053 .027 .018 .013 .007 
C.I\BIN ATIENOANT .444 .274 .218 .198 .188 .174 
FOOD AND BEVERAGE .372 .230 .183 .166 .158 .146 
PASSENGER HANDLING 3.155 1.262 .631 .421 .316 .158 
CARGO HANDLING 1.174 .469 .235 .156 .118 .058 
OTHER PASSENGER SERVICE, 
cor·lrUSSIOtIS AND ADVERTISING .215 .215 .215 .215 .215 .215 
FREIGHT COl·ltUSSIONS AND 
ADVERTISING .003 .003 .003 .003 .003 .003 
GENERAL AND ADMINISTRATIVE 
EXPENSES .610 .290 .186 .151 .134 .108 
TOTAL IOC 9.050 3.989 , 2.307 1.743 1.462 1.040 
'---
. Ii 
I AVG. 
3000 STAGE 
LENGTH 
-
.030 .042 
.093 .322 
.004 .016 
.169 .193 
.142 .162 
.105 .366 
.039 .136 
.215 .215 
.003 .003 
.099 .142 
.899 1.597 
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II ~ TABLE 27 
: DC-8-50 BASELINE - IOC COMPONENTS YS. DISTANCE Ct/AVAlLABLE SEAT ~l 
AVERAGE STAGE LENGTH - 731 NAUTICAL MILES 
I 
I 
I 
I 
r 
~ , 
~ 
" 
\0 
I-' 
~ (NM) IOC COI·1PONENTS 
SYSTEM EXPENSE 
LOCAL EXPENSE 
AIRCRAFT CorHROL 
CABIN ATTENDANT 
FOOD Arm BEVERAGE 
PASSENGER HANDLING 
CARGO HANDLING 
OTHER PASSENGER SERVICE, 
COHIHSSIOl'lS AND ADVERTISING 
FREIGHT CQ1.~HISSIONS AND 
ADVERTISING 
GENERAL AND ADMINISTRATIVE 
EXPENSES 
, 
100 
.164 
3.021 
.133 
.413 
.346 
3.155 
1.174 
.215 
.003 
.617 
." 
250 500 750 1000 
.082 .054 .045 .040 
1.208 .604 I .403 .302 
.053 .027 .018 .013 
.265 .215 .198 .191 
.222 .180 .166 .160 
1.262 .631 .421 .316 
.469 .235 .156 .118 
.215 .215 .215 .215 
.003 .003 .003 .003 
.295 .186 .150 .132 
2000 
.033 
.151 
.007 
.178 
.149 
.158 
.058 
.215 
.003 
.106 
TOTAL IOC 9.241 4.074 2.350 1.775 1.490 1.058 
AVG. 
3000 STAGE 
LENGTH 
~031 .045 
.101 .413 
.004 .018 
.174 .199 
.146 .167 
.105 .432 
.039 .161 
.215 .215 
.003 .003 
.096 .152 
.914 1.805 
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TABLE 28 
DC-8-61 BASELINE ~ lOC COMPONENTS VS. DISTANCE C4/AYAILABLE SEAT NMl 
AVERAGE STAGE LENGTH - 800 NAUTICAL MILES 
~ . . (NM). 100 250 500 750 1000 2000 IOC C0I1PONENTS 
SYSTEM EXPENSE .139 .067 .043 .035 .031 .Q25 
LOCAL EXPENSE 2.353 .941 .471 .314 .235 .118 
AIRCRAFT COrlTROL .096 .038 .019 .OB .010 .005 
CABIN ATTENDANT .396 .239 .188 .174 .166 .155 
FOOD AND BEVERAGE .384 .232 .182 .168 .161 .150 
PASSENCER HANDLING 3.151 1.260 .630 .420 .315 .158 
CARGO HMlDLI NG 1.059 .424 .212 .141 .106 .053 
OTHER PASSErlGER SERVICE, 
COHtHSSIONS AND ADVERTISING .215 .215 ~215 .215 .215 .215 
FREIGHT C01~rlISSIONS AND 
ADVERTISING .002 .002 .002 .002 .002 .002 
GENERAL AND ADMINISTRATIVE 
EXPENSES .551 .257 .160 .128 .112 .088 
TOTAL IOC , 8.346 3.675 2.122 1.610 1.353 .969 
---- - - _ .. _- ----------- ------ ---_ .. _----_ .. _---- ----_ ... _-----
v 
3000 
.023 
.078 
.003 
.150 
.145 
.105 
.036 
.215 
.002 
.082 
.839 
.' 
AYG. 
STAGE 
LENGTH 
.034 
.294 
.012 
.171 
.166 
.394 
.133 
.215 
.002 
.124 
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TABLE 29 
DC-9-10 BASELINE - lOC Cor~PONENTS VS, DISTANCE (It/AVAILABLE SEAT Nr~) 
AVERAGE STAGE LENGTH - 300 NAUTICAL MILES 
~ , (NM) 100 250 500 750 1000 1250 Ioe COf.1PONENTS 
SYSTEM EXPENSE .112 .067 .• 053 .048 I .045 .044 
LOCAL EXPENSE 1.905 .762 .381 .254 .190 .152 
AIRCRAFT cornRoL .278 .111 .056 .037 .028 .022 
CABIN ATTENDANT .351 .223 .184 .171 .162 .159 
FOOD AND BEVERAGE .354 .226 .186 .172 .164 .160 
PASSENGER HANDLING 3.175 1.270 .635 .423 .317 .254 
CARGO HANDLING 1.273 .509 .255 .169 .127 .102 
OTHER PASSENGER SERVICE. 
COr-1NISSIONS AND ADVERTISING .217 .217 .2-17 .217 .217 .217 
FREIGHT cor·~~.1JSSIONS AND 
ADVERTISING .004 .004 .004 .004 .004 .004 
GENERAL AND ADMINISTRATIVE 
EXPENSES .571 .283 .187 .155 .139 .130 
TOTAL IOC 8.240 3.672 2.158 1.650 . 1.393 1.244 
_. 
--
---.-~- ---- ----.---.------~ -- ---- -- ~--- ~---- .. - -- -
L _____ ~_ 
AVG. 
1500 STAGE 
LENGTH 
.043 .062 
.127 I .635 
.019 .093 
.156 .210 
.157 .212 
.212 1.058 
.084 I .424 
.217 .217 
.004 .004 
.123 .251 
,-
1.142 3.166 
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TABLE 30 
OC-9-30 BASELINE. IOC COMPONENTS YS •. DISTANCE (t/AVAILABLE SEAT NM) AVERAGE STAGE LENGTH - 290 NAUTICAL MILES 
~ ~ . (NM) 100 250 500 750 1000 IOC Cor·~PONENTS I 
SYSTEM EXPENSE 
.101 .058 
.043 
.039 .036 
.035 LOCAL EXPENSE 1.726 .690 .• 345 .230 
.173 .138 AIRCRAFT COUTROL 
.212 .085 .042 
.028 
.021 .017 CABIN ATTENDANT 
.408 i .261 .209 
.195 .187 .181 FOOD AND BEVERAGE 
.355 .227 
.182 
.169 
.163 .158 I PASSENGER HANDLING 3.122 1.249 
.624 .416 
.312 .250 CARGO HANDLING 1.141 
.457 
.229 .152 
.114 .091 OTHER PASSEtlGER SERVICE, CmmSSIOiJS AND ADVERTISING .213 
.213 .. 213 . 
.213 .213 
.213 FREIGHT cor'~ilISSIONS AND ADVERTISING 
.003 
.003 .003 .003 .003 .003 GENERAL AND ADMINISTRATIVE EXPENSES 
.522 .256 
.166 
.137 
.122 
.113 
TOTAL IOC , 7.803 3.499 2.056 1.582 1.344 1.199 
-
---- --- -- - --
AVG. 
1,500 STAGE 
LENGTH 
.034 
.054 
.115 
.595 
.014 •. 073 
.178 
.245 
.155 .214 
.208 1.077 
.076 .393 
.213 
.213 
.003 .003 
.107 .231 I 
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TABLE 31 
DC-10-10 BASELINE - IOC COMPONENTS VS. DISTANCE (¢/AVAIL~BLE SEAT NM) 
l 
~,. 
\0 
\.n 
~ (NM) IOC CO',jJoNENTS -
SYSTEM EXPENSE 
LOCAL EXPENSE 
AIRCRAFT CONTROL 
CABIN ATTENDANT 
FOOD AND BEVERAGE 
PASSENGER HANDLING 
CARGO HANDLING 
OTHER PASSENGER SERVICE, 
COI-lt1ISSIONS AND ADVERTI~,ING 
FREIGHT cor4rHssIONS AND 
ADVERTISING 
GENERAL ANO ADMINISTRATIVE 
EXPENSES 
TOTAL IOC 
, 
TlI.~'u-.u~ 40,11"'''' ....... 11-"'.,1 - ..." "" Ill'"""' • n .-.. ...... .J 
100 250 500 750 1000 2000 
.. 
.144 .066 .040 .031 .027 .020 
2.282 .913 .456 .304 .228 .114 
.070 .028 .014 .009 .007 .004 
.400 .239 .185 .169 .161 .147 
.397 .237 .184 .168 .159 .146 
3.150 1.260 .630 .420 .315 I .158 
1.480 .592 .296 .198 .148 _O1~ 
.215 .215 .215 .215 .215 .215 
.006 .006 .006 .006 .006 .006 
.566 .259 .157 .124 .108 .082 
8.710 I 3.815 2.183 1.644 1.374 .966 
.-, .• W ... j,;;if-,'Mf.diWe.,;g';,h+ Htm~:r -'Mdt 'tift . r 3" tt-'tM"' WdW'tt- 'nr"YMt¥f 
;1 
AYG. 
3000 STAGE 
LENGTH 
.018 .029 
.076 .262 
.002 .008 
.143 .1-64 
.142 .163 
.105 .362 
.049 .170 
.215 .215 
.006 .006 
.075 .115 
.831 1.494 
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TABLE 32 
DC-10-40 BASELINE - IOC C(J.'PONENTS VS. DISTANCE (It/AVAILABLE SEAT r",) 
AVERAGE STAGE LENGTH - 670 NAUTICAL MILES 
-=------=- BLOCK DISTANCE I AVG. :~(NM) 100 250 500 750 1000 2000 3000 I .. STAGE 
IDC CQf.1PONENTS ~ LENGTH 
SYSTEM EXPENSE .171 .078 .047 .037 .032 .024 .021 .039 
LOCAL EXPENSE 3.238 1.295 .648 .432 .324 .162 .108 .483 
AIRCRAFT cornRoL .077 .031 .015 .010 .000 .004 .003 .012 
CABIN ATIENDANT .440 .263 .203 .186 .117 .162 .157 .190 
FOOD AND BEVERAGE .396 .236 .183 .167 .159 .146 .141 .170 
PASSENGER HANDLING 3.140 1.256 .628 .419 .314 .157 .105 .469 
CARGO HANDLING 1· 548 .619 .310 .206 .155 .077 .051 .231 
OTHER PASSErlGER SERVICE, 
cor·:iUSSIONS AND ADVERTISING .214 .214 .214 .214 .214 .214 .214 .214 
FREIGHT COMMISSIONS AND 
ADVERTISING .006 .006 .006 .006 .006 .006 .006 .006 
GENERAL AND ADMINISTRATIVE 
EXPENSES .655 .299 .181 .142 .122 .094 .085 .151 
TOTAL 10C 9.885 4.297 2.435 1.819 1.431 1.046 ,591 1.965 
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TABLE 33 
BASELINE AND DERIVATIVE AIRCRAFT INDIRECT OPERATING COSTS - 1973 $ 
(Cents Per Available Seat Nautical Hile) 
Seating Stage Length (Nautical Miles) 
Aircraft Type Capacity 500 1,000 1,500 3,000 
DC-8-20 146 2.31 1.46 - .90 
DC-8-50 146 2.35 1.49 
- .91 
DC-8-61 203 2.12 1.35 
- .84 
DC·-9-10 70 2.16 1.39 1.14 -
DC-9-30 92 2.06 1.34 1.10 -
DC-9-30D1 117 2.01 1.32 1.09 -
DC-9-30D2 122 1.99 1.31 1.08 
-
DC-9-30D3 92 2.06 1.34 1.11 
-
DC-10-10 277 2.18 1.37 - .83 
DC-10-10D 199 2.23 1.41 - .86 
DC-10-40 252 2.44 1.51 
-
.89 
DC-10-40D 327 2.19 1.38 - .84 
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at a 58 percent load factor since IOC's do vary directly and significantly 
with traffic density. Obviously, in terms of cents per available seat 
nautical ll'tile, a similar airplane type with a higher seating capacity should 
have lower IOC's. However, the ICC's of the DC-IO-IOD increase slightly over 
those for the baseline DC-IO-10. This is due to the decrease in passenger 
capacity of the DC-10-lOD at a 58 percent load factor of 45 passengers relative 
to the DC-lO-lO. On the other hand, IOC's for the DC-10-40D are significantly 
less than the baseline DC-lO-40 due to the addition of 44 passengers at a 
58 percent load factor. 
All New 1980 Airplanes The IOC's for the twelve N80 ai"-!,,~aft at various 
stage lengths are shown in Table 34. Since the four airplanes within each 
family have the same seating capacity, no large variation in IOC's were 
expected between the various models. However, the block times for each 
airplane within a family is different with the aircraft optimized for minimum 
fuel consumption being the slowest. As shown in Table 34, it is only the 
IOC's of the minimum fuel designs that vary significantly from those of the 
airplanes optimized for mi.nimum DOC's. This was due primarily to the signi-
ficant increases in block times for the minimum fuel aircraft. 
2.~.5 Relationship of IOC to DOC 
Indirect operating cost curves for the baseline aircraft are shown in 
Figures 38-44. Also plotted on these curves are the DOC's for these airplanes 
calculated at a pre-energy cd,sis fuel price of 15 cents per gallon. As can 
be seen from the curves as well as in Table 35, the relationship of roc to 
DOC varies substantially with stage length. This is due to the very high 
indirect operating costs experienced on the shorter stage lengths. ". 
Table 36 illustrates what happens to tM.s relationship when the DOC I S are 
Clllculated at the three NASA-specified fuel prices. Since IOC' s Wf.!re 
calculated for DOC's based on a fuel price of 15 cents per gallon and not 
varied with fuel price, they become a lesser percentage of DOC as fuel price 
increases. 
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Aircraft Type 
NSO - 2.1515 
NSO - 2.1530 
NSO - 2.1560 
NSO - 2.15MF 
NSO - 2.3015 
NSO - 2.3030 
NSO - 2.3060 
NSO - 2~30MF 
NSO - 4.3015 
NSO - 4.3030 
NSO - 4.3060 
NSO - 4.30MF 
TABLE 34 
NSO AIRCRAFT INDIRECT OPERATING COSTS - 1973 $ 
(Cents Per Available Seat Nautical Mile) 
Seating Block Time Stage Length (Nautical Miles) 
Capacity (At 1,000 NM) 500 1,000 1,500 3,000 (Hr) 
201 2.40 2.07 1.32 1.07 -
201 2.4S 2.07 1.33 LOS -
201 2.55 2.0S 1.34 1.09 -
201 2..77 2.12 1.3S 1.13 -
201 2.41 2.17 1,37 - .S4 
201 2.47 2.17 1.3S - .S5 
201 2.56 2.16 1.39 - .S7 
201 2.7S 2.20 1.43 - .91 
404 2.42 2.05 1.30 - .SO 
404 2.50 2.06 1.31 - .Sl 
404 2.S7 2.07 1.32 - .SI 
404 2.S0 2.12 1.37 - .S6 
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figure 44. DC-10-40 BASELINE - DIRECT AND INDIRECT OPERATING COSTS VS. RANGE 
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TABLE 35 
INDIRECT OPERATING COSTS AS A PERCENTAGE OF DIRECT OPERATING COSTS 
DOC Fuel Price • 15¢ Per Gallon 
STAGE LENGTH DC-8-61 DC-9-30 DC-10-10 DC-10-40 (NM) 
100 261 240 262 . 237 
250 206 173 210 189 
500 159 130 165 149 
750 135 108 140 12() 
1,000 120 96 126 113 
1,500 
-
83 
- -
2,000 94 
-
100 88 
3,000 84 
-
"88 77 
TABLE 36 
IOC AS A PERCENTAGE OF DOC AT THREE FUEL PRICES 
DC-9-30 DC-10-40 DC-8-61 DC-10-10 
Average Stage Length (NM' 290 670 800 870 
Fuel Price (¢ Per Ga1~: 
15¢ 163 132 132 133 
" 
30¢ 134 106 103 107 
60¢ 99 77 72 76 
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2.7 Total Operating Costs 
As shown in Section 2.6.5, the impact of IOC's on total operating costs is 
reduced as the price of fuel increases causing DOC's to rise rapidly. 
Therefore, the addition of the indirect operating costs to the direct 
operating coots did not alter the economic selection of the aircraft options. 
Each of the baseline airplanes and aircraft options were offered to the 
market using the fleet forecasting model in Phase II. Since an economic 
selection of one aircraft type over another was not always possible due to 
differing seating capacities as well as design ranges, the airplanes were 
selected by the model on its ability to best serve each market as well as 
maximize system profit. Economic tradeoffs between aircraft in the fleet 
forecasting model were made on the basis of total operating costs. 
Total operating costs for the seven baseline aircraft are plotted for the 
three fuel prices in Figures 45-51. As indicated on the curves, the impact 
on TOC's of a fuel price at 60 cents per gallon is very significant, 
especially in maintaining profitable airline operations. 
Comparative Total Operating Costs - The TOC's for the retrofit, modification 
and derivative aircraft options were compared to those of the baseline aircraft 
at fuel prices of 30 cents and 60 cents per gallon. Results of these 
comparisons in terms of cents per available seat nautical mile at the 1973 
CAB average stage length are shown in Figures 52 and 53. As fuel price 
increases from 30 cents (Figure 52) to 60 cents per gallon (Figure 53), more 
aircraft options become economically attractive than wj.th 30 cent fuel. 
Tables 37-51 document the total operating costs at various stage lengths for 
each baseline airpl~ne as well as the 31 aircraft options. These are given 
at the three fuel prices in terms of cents.per available seat nautical mile. 
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TABLE 37 
BASELINE AIRCRAFT - TOTAL OPERATING COSTS VS. DISTANCE - 1973 DOLLARS 
FUEL = 15¢/GALLON 
TOC ( ¢ PER AVAILABLE SEAT NAUTICAL MILE) 
DC-8-20 DC-8-50 DC-S-61 DC-9-10 DC-9-30 DC-l0-10 
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TABLE 38 
BASELINE AIRCRAFT - TOTAL OPERATING COSTS VS. DISTANCE - 1973 DOLLARS 
FUEL = 30¢/GALLON 
roc ( ¢ PER AVAILABLE SEAT NAUTICAL MILE) 
DC-8-50 DC-8-61 DC-9-10 OC-9-30 OC-10-10 
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TABLE 39 
BASELINE AIRCRAFT - TOTAL OPERATING COSTS VS. DISTANCE - 1973 DOLLARS 
FUEL = 6Q¢/GALLON 
TOC ( ¢ PER AVAILABLE SEAT NAUTICAL MILE) 
DC-8-50 DC-8-61 DC-9-10 DC-9-30 DC-10-10 
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BASELINE RETROFITS - TOTAL OPERATING COSTS VS. DISTANCE - 1973 DOLLARS 
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TOC ( ¢ PER AVAILABLE SEAT NAUTICAL MILE) 
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TABLE 41 
BASELINE KETROFITS - TOTAL OPERATIIlG COSTS VS. DISTANCE - 1973 DOLLARS 
FUEL = 30t/GALLON 
TOC ( t ~ER AVAILABLE SEAT NAUTICAl MILE) 
DC-8-20R DC-8-50R DC-8-6lR DC-9-l0R DC-9-30R DC-10-10R 
-
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TABLE 42 
BASELINE RETROFITS - TOTAL OPERATING COSTS VS. DISTANCE - 1973 DOLLARS 
FUEL = 60¢/GALLON 
TOC ( t PER AVAILABLE SEAT NAUTICAL MILE) 
DC-8-50R DC-8-6lR DC-9-l0R ! DC-9-30R DC-lO-lOR 
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8.55 7.42 8.12 7.18 6.82 
5.85 4.97 5.80 5.01 4.42 
4.95 4.20 :'.99 4.30 3.64 
4.51 3.81 4.58 3.95 , 3.25 
-- -- 4.38 3.73 --
,--
-- 4.25 3.60 
--
3.83 3.27 I -- -- 2.67 
3.60 3.09 
-- --
2.49 
5.00 4.10 7.33 ~.58 3.42 
I I 
DC-lO-40R 
16.63 
8.02 
5.16 
4.23 
3.76 
--
--
3.07 
2.87 
4.45 
f 
'''''11 
r-->7 
1 
'] 
.,.1 
i 
Ali 
.,~ 
'. 
~ 
·4 , 
~ 
l 
"'j 
l 
1 
I 
j 
.. 
·1 
1 
, 
! 
~ 
J 11 
, ' , '" , '. """"· .... ····, ... ··", ... " .. ...;_,;<· .. ·_·,·, .... ,,,._ .. ' .. ";.· ..... 1 's·····_ •••• _ .. "" ... . ' . ~, 
. ,.,,~~~~ ...... ~.""'" ... "' .... ",~,_~i .... '" ,..l", ... '11" ""'",'_'. , .... ,. 'HW '51'" I ",,"w'w .. , . ',,01"'''''''111" '" mid '= t fn :: iii .:::,:; :,::"tw:m= ,:; '1h, ;;:::; ;, :I:' :::!!!!lb~"I._ .. ~ __ ,.__ ' 
, ":!~~ _ • sOC? r-~·· .. """""~~JI 
" 
, 
~ ,,' p ~, 
t 
I 
Ii ; ~ 
I 
i 
I 
l ~ 
'. 
;..-
..... 
N 
.j::-
TRIP 
DISTANCE 
(NM) 
100 
250 
500 
750 
1,000 
1,250 
1,500 
2,000 
3,000 
AVG. 'STAGE 
I 
TABLE 4~3 
BASELINE RETROFITS - TOTAL OPERATING COSTS VS. DISTANCE - 1973 DOLLARS 
FUEL = 1St/GALLON 
TOC ( t PER AVAILABLE SEAT NAUTICAL MILE) 
DC-8-20DR DC-8-20ER DC-8-50DR DC-8-50ER DC-8-6lDR 
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TABLE 44 
® 
BASELINE RETROFITS - TOTAL OPERATING COSTS VS. DISTANCE - 1973 DOLLARS 
FUEL = 30¢/GALLON 
-
TOC ( ¢ PER AVAILABLE SEAT NAUTICAL MILE) 
TRIP 
I DISTANCE DC-8-20DR DC-8-20ER DC-8-S0DR DC-8-50ER DC-8-6lDR (N~n 
I 100 13.34 14.60 13.92 15.05 12.66 
.250 6.54 7.27 6.92 7.60 6.1S 
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TABLE 45 
BASELINE RETROFITS - TOTAL OPERATING COSTS VS. DISTANCE - 1973 DOLLARS 
FUEL = 60¢/GALLON 
Toe ( ¢ PER AVAILABLE SEAT NAUTICAL MILE) 
TRIP 
DISTANCE 
(NM) DC-3-20DR DC-8-20ER DC-8-50DR DC-8-50ER DC-8-61DR 
100 15.04 16.23 15.51 16.64 14.08 
250 7.65 8.30 7.98 8.61 7.01 
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TABLE 46 
r'10DIFICATIONS AND DERIVATIVES - TOTAL OPERATING COSTS VS. DISTANCE - 1973 DOLLARS 
FUEL = 15¢/GALLON 
:rOC ( ¢ PER AVAILABLE SEAT NAUTICAL MILE) 
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TABLE 47 
r,10DIFICATIONS AND DERIVATIVES - TOTAL OPERATING COSTS VS. DISTANCE - 1973 DOLLARS 
FUEL = 30¢/GALLON 
TOC ( ¢ PER AVAILABLE SEAT NAUTICAL MILE) 
DC-l0-l0M DC-la-laD DC-10-40M DC-10-40D DC-9-30Dl DC-9-30D2 
13.04 13.22 15.41 13.04 10.98 11.01 
6.22 6.34 7.31 6.22 5.57 5.61 
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TABLE 48 
t·10DIFICATlONS AND DERIVATIVES - TOTAL OPJ:.;:'.!\il~G COSTS VS. DISTANCE - 1973 DOl.LARS 
FUEL = 60t/GALLON 
TOC ( ¢ PER AVAILABLE SEAT NAUTICAL MILE) 
" 
DC-la-10M I DC-l0-100 OC-10-40M DC-10-400 OC-9-3001 OC-9-3002 
14.27 14.69 17.06 14.18 11.99 11.95 
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Distance 
(NM) 
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500 
750 
1,000 
1,250 
1,500 
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DOC15¢ 
15¢/Ga1 30¢/Ga1 
11.10 11.58 
5.50 5.82 
3.53 3.79 
2.89 3.13 
2.55 2.79 
2.36 2.59 
2.23 2.46 
TABLE 49 
N80-2.15 - TOTAL OPERATING COSTS V's. DISTANCE,... 1973 DOLLARS 
(Cents Per Available Seat Nautical Mile) 
DOC30¢ DOC60¢ MINIMUM FUEL 
60¢/Ga1 15¢/Ga1 30¢/Ga1 60¢/Ga1 15¢/Ga1 30¢/Ga1 60¢/Ga1 15¢/Gal 30¢/Ga1 60¢/Ga1 
12.54 11.08 11.56 12.52 11.11 11.58 12.54 11.21 11.69 12.65 
6.45 5.50 5.81 6.43 5.55 5.85 6.46 5.60 5.90 6.50 
4.32 3.53 3.77 4.27 3.57 3.80 4.28 3.69 3.92 4.39 
3.62 2.90 3.13 3.59 2.94 3.16 3.59 3.05 3.27 3.69 
3.26 2.57 2.79 3.23 2.60 2.81 3.23 2.72 2.92 3.32 
3.05 2.38 2.59 3.02 2.40 2.61 3.01 2.53 2.73 3.11 
2.91 2.25 2.46 2.88 2.28 2.48 2.88 2.40 2.59 2.97 
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TABLE 50· 
N80-2.30 - TOTAL OPERATING COSTS VS. DISTANCE ~ 1973 DOLLARS 
(Cents Per Available Seat Nautical Mile) 
DOC15(: DOC30(: DOC60(: 
Distance 
(NM) 15 (:/Ga1 30(:/Gal 60(:/Ga1 15(:/Ga1 30(:/Ga1 60(:/Ga1 15(:/Ga1 30(:/Ga1 60(:/Ga1 
100 12.54 13.13 14.31 12.53 13.12 14.30 12.51 13.10 14.28 
250 5.98 6.34 7.05 5.98 6.33 7.05 5.99 6.35 7.06 
500 3.81 4.09 4.66 3.81 4.08 4.62 3.80 4.07 4.60 
750 3.08 3.34 3.87 3.09 3.34 3.84 3.13 3.37 3.85 
1,000 2.72 2.97 3.47 2.75 2.98 3.46 2.79 3.01 3.46 
1,500 2.38 2.62 3.10 2.40 2.63 3.09 2.44 2.66 3.09 
2,000 2.19 2.43 2.91 2.22 2.44 2.89 2.27 2.48 2.90 
2,500 2.10 2.34 2.81 2.13 2.35 2.80 2.17 2.38 2.80 
3,000 2.03 2.28 2.75 2.06 2.28 2.74 2.11 2.32 2.74 
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DOC 15¢ 
l5¢/Gal 30¢/Gal 
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3.21 3.44 
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1. 70 1.91 
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TABLE 51 
N80-4.30 - TOTAL OPERATING COSTS VS. DISTANCE - 1973 DOLLARS 
(Cents Per Available Seat Nautical Mile) 
DOC30¢ DOC 60¢ 
60¢/Gal 15¢/Gal 30¢/Gal 60¢/Gal 15¢/Ga1 30¢/Ga1 60¢/Ga1 
11.91 10.76 11.13 11.89 10.79 11.16 11.92 
5.94 5.13 5.39 5.90 5.19 5.45 5.95 
3.90 3.24 3.45 3.89 3.26 3.47 3.89 
3.23 2.60 2.80 3.21 2.63 2.82 3.21 
2.90 2.28 2.48 2.86 2.31 2.49 2.86 
2.56 1.97 2.16 2.54 1.99 2.17 2.53 
2.40 1.80 1.99 2.37 1.83 2.00 2.36 
2.31 1.71 1.90 2.28 1. 74 1.92 2.27 
2.26 1.66 1.85 2.23 1.67 1.85 2.21 
MINIMUM FUEL 
15¢/Ga1 30¢/Ga1 60¢/Ga1 
11.09 11.47 12.22 
5.34 5.60 6.10 , 
, 
3.42 3.62 4.04 
2.78 2.97 3.36 
2.46 2.65 3.01 
2.13 2.31 2.67 
1.98 2.15 2.51 
1.88 2.06 2.41 
1.82 2.00 2.35 
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SECTION 3.0 
PHASE II - U.S. DOMESTIC MARKET ANALYSIS 
The objective in Phase II was to select the most promising modification, 
derivative or all-new aircraft options in terms of their fuel savings and 
economic viability, and then to project the U.S. aircraft market for the 
selected options. To accomplish this task, alternative fleet forecasts were 
developed to screen the aircraft options against the projected market require-
ments. The results of these fleet forecasts were then compared both 
economically and operationally. 'Criteria used in comparing viability included 
operating costs, potential airline profit, passenger demand satisfied, fuel 
saved} as well as the forecasted fleet size and mix. 
3.1 Study Approach 
Figure 54 outlines the approach taken in accomplishing the objectives of 
Phase II. Fuel conserving aircraft fleets were determined using the 
Performance Evaluation Technique (G8BD), an existing Douglas computer program. 
Inputs to the program included the passenger demand forecast developed in 
Phase I (Section 1.0), the baseline operational environment of the U.S. 
domestic airlines, the various alternative operating scenarios, as well as 
the different offerings of competitive aircraft options. The selected air-
craft options were grouped into realistic combinations of aircraft offerings 
for each operational scenario. The 32 selected options competed not only 
among themselves, but also against the baseline existing aircraft. 
The program selected from each offering of competitive options that fleet-mix 
which best satisfied the traffic demand and also met the evaluation criterion 
of maximizing airline profits. Operational conditions affecting the fleet-mix 
selection, including fuel availability and price, hub constraints, load factor 
variations, and aircraft operating procedures were considered by the program 
along with the alternative aircraft offerings. 
A comparison of the changes in the detailed operational and economic statistics 
for each fleet forecast provided the information necessary to assess the 
operational and economic viability of the various aircraft options. This 
procedure was iterated to determine an optimal fleet-mix over the forecast 
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period, 1973-1990, for each of the competitive aircraft offerings and its 
operational scenario. A typical printout of the results from the Performance 
Evaluation Technique for the year 1990 is shown in Section 1. 9, Figure 10. 
The fuel conserving forecasts were developed to represent the U.S. domestic 
air transportation system in both a restricted fuel as well as an unlimited 
fuel environment. The resulting fleets' fuel requirements were evaluated 
to define reasonable bounds around the potential jet-fuel demand through 1990. 
The DC-Jet route network contained approximately 34 percent of the total U.s. 
domestic trunk and local service carriers' revenue passenger-miles. The 
spectrum of diverse, equipment types serving this selected market, along with 
its traffic capacity, distribution characteristics, and levels of service, 
adequately represented the total 1973 trunk and local service airline 
environment (Figure 55) and is expected to represent its growth characteristics 
as well. Therefore, the fuel required, potential fuel savings, and aircraft 
demand resulting from the various fleet forecasts for the study market were 
extrapolated to the total U.s. domestic market. 
3.2 Operational and Environmental Constraints 
Operational and environmental constraints which were varied in the analyses 
using the Performance Evaluation Technique included aircraft operating 
procedures, airline planning load factors, levels of service provided, aircraft 
availability, fuel price, and fuel availability. Table 52 describes each of 
the thirty-five operating scenarios studied in terms of its operational 
constraints and its offering of competitive aircraft options. 
Changes in the aircraft operating procedures to conserve fuel for a given 
aircraft type were evaluated by considering it as a "new" aircraft type. 
This new aircraft had increased range capabilities, as well as variations in 
DOC, fuel burned, and block times from the same aircraft operating under the 
baseline idealized conditions. This, method was used to evaluate the benefits 
of both the fuel conserving operational improvements currently available 
wi thin today' s air traffic control environment, and the use of these procedures 
together with an improved air traffic control system assumed to be operational 
in 1980. 
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The aircraft options offered to each scenario are shown in Table 53. The fleet 
forecasts were dependent upon the imposed annual aircraft availability con-
straints for each aircraft type. This included placing upper limits on the 
numbers of on-hand aircraft units, as well as their modification rates by type 
and year. Constraints were also establ:l,shed for the in-production modified 
and derivative aircraft as well as for the new near-term (1980) aircraft. 
These included forecasted market size, introductory year, and production rates. 
The production schedules for the 13 retrofit aircraft options are shown in 
Table 54. 
3.3 Study Scenarios 
Thirty-five alternative operating scenarios were developed, and each scenario 
was offered against the baseline 1973-1990 passenger demand forecasted in 
Phase I or a modification of this demand. \lhen passenger demand was modified, 
it was either increased or decreased by 10 per/.:.ent from the baseline forecast. 
The scenarios investigated were broken down into two groups. 
o 8 operating scenarios with baseline aircraft only 
with and without hub constraints 
- with and without fuel conserving operational procedures 
o 27 operating scenarios to select the most promising aircraft options 
- modification options including retrofits 
derivative aircraft 
new near-term (1980) airplanes 
The eight baseline scenarios investigated the impact of changes in operational 
constraints without any accompanying changes in the aircraft types offered. 
Only the existi:llg Douglas airplanes in production (DC-9-30, DC-lO-10, and 
DC-lO-40) were assumed ,available to meet the subsequent demand. Twenty-seven 
additional operating scenarios were analyzed to select the most promising fuel 
conserving aircraft options. Each scenario included cha~ges to the operational 
constraints as well as changes to the available aircraft options offered. 
The forecasted results from the total of thirty-five alternative operating 
scenarios, (eight baseline plus twenty-seven aircraft option scenaxios), were 
analyzed and compared on the basis of economic and operational factu~s. These 
factors inclt,ded the aircraft types and numbe:n: required, the total amount of 
139 
J 
j 
I 
'j 
"1 ' ,. "~"""--",-".".,-" ..... -" .. ~.,--~" .. -,.,.,..,.. .'~-.. '·.... ----!l!ll!iI!!l!-~!'!"I'-!lIII'!!"!"'I!!!--!m'!!"ll"""~!!'!'l'....,..,.-~·1 ~" __ .. "-_"" _,_,,_ " __ ~".Y.".~"" _________________ ..... ..; .... ~ __ ?'~~_ . ;.=".~' ... ~ ... '._". -_"_~_~ .. ~ ... _ ...... _. _~_ ",!! > -~ • .--''''''"''"-'''.- --, ~""""11~_' ""' .~,.=:r- - .~ .... "~r 
TABLE 53 
AIICIlAI'T TYPES OFFEUD IN EACH SCENARIO 
Sceurio. 
AncurT nPl /1/2/3/4/5/6/7 /S /9 /lO/l. fiVlv'J.Vis/J.6A0VlYWr2V22/;iI24/2;h6h7;ra::7z!thohthV'jvj4~ 
DC-S-20 I X X X X :( X X X X X X X X X X X X X X X X X X X X X X X X X X X 
_200pn X X 
-20ATC X 
-20R X X X X X 
-200R X 
-20ER X 
DC-S-50 X X X X X, X X X X X X X X X X X X X X X X X X X X X 1( 1( X X X X X 
-500P X X 
_50ATCn X 
-50R X 
-500R X X X X X X X X X X ': X X :( X X X :< " 1( X X X X ,~ A 
-50ER X I ' 
OC-S-6l X X X X X X X X X X :< X X X X X X X X V X X X X X X X X X A X X X 
-6l0P X X 
-6lATC X 
-61R X 
-6l0R X X X X X X X X X X X X X X X X X X X X X X· X X X 
-6lER X 
.~ 
:lI 
DC-9-l0 X X X X X X X X X X X X X X X =t X X X .!.. X X X X _. _. X . . X _. X X X 
• 
-lOOP :t x: 
• X -lOATC 
.7~ ~ 
~ 
.~ 
"' 
-lO'l X X X :-~ 
OC-9-30 X X X X X X X X X X X X X Ix X X Ix Ix x Ix '" Ix X X Ix X X be. x X X X t 
.3OOp· J: X 
_30ATCn 
, 
I 
-30R I X X X X X X 
-JODI X X X x X X X Ix X f~ fX- .lL . r--
-30D2 X X 
-3003 X X X X X X X X X X X X X X X X X X X Ix Ix 
'7 
1 ~, 
f1 
~ 
~ 
DC-lO-lO X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X !C~£. !.-
-lOOP" X X 
-lOATC· X 
.-
-lOR X X X X X X X X X X X X X X X X 
-10l! X X 
-100 X X X X X X X X X X X A X X X X X X X X X X 
OC-10-40 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
-400P X X 
-40ATC X 
-40R X X- X X X X X 
-4!l1 X X 
-400 X X X X X 
NSD-2.l5 l5 X X X X 
NHO-2.l530 X X X X X X X X X X X X X X X X X X 
N8V-l.1560 X X X X 
.1 
1 
~ 
. 
I N8D-2.15
aF X X X X 
N80-2.3015 .. .. .. X 
N80-2.3030 X X X X X X X X 
., X 
" NSo-2.3060 X X X X 
~ 
; ';' i ! 
N60-2.30Mf X X X X 
N6o-4. 301;' X X X X 
1l8"o:'4.3030 X X X X X X X X X X X X X X X X X X 
NSD-4.3060 X X X X X X X X X X X X X 
NSD-4.30MF X X X X I 
,I 
1 
~ 
NO. Ale TYPES 7 7 7 7 7 7 14 7 Vi 14 14 13 13 20 12 2013 24 24 16 16 16 16 16 16 25 25 14 14 14 15 15 15 14 14 
DESIGNATORS FOR BASELINE AIRCRAFT WHICH REFLECT FUEL COIISD.VIIIG OPERATING PROCEDURES: 
OP = IMPROVED FLIGHT OPERATIONS ATC • IMPROVED Fl.IGHT ,)PERATlONS PLUS IMPROVED (1980) ATC SYSTEM 
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TABLE 54 
RETROFIT AVAILABILITY SCHEDULE 
** ·Retrofitted Airplanes Available By Year Baseline Units in U.S. Domestic Airplanes Fleet - 1973 1978 1979 1980 1981 
DC-8-20 34 
--.~ 14 14 6 
DC-8-50 40 
-- 21 19 
--
DC-8-6l 45 
-- 17 19 9 
DC-9-l0 90 26 26 26 12 
DC-9-30 239 71 71 71 26 
* DC-l 0-10 115 37 37 37 4 
* DC-lO-40 35 11 11 11 2 
-
-- - -_ .. --- -
- ---
-
-
-- -------
._-
-
--
L- .. _______ ~ 
* Estimated number of airplanes available for retrofitting in U.S. domestic fleet in 1978. 
** Retrofit aircraft are designated as "R", "DR", or "ER" - ScheduJ,e for DC-8 models applies to only one retrofit option at a time. 
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l 
fuel burned, number of trips needed, profit generated, revenue passenger-miles 
flown, and the selected fleet-mix's capacity for satisfying the projected 
market demand during the years 1973-1990. The results of each scenario were 
calculated annually for the total fleet and by individual aircraft type. 
3.4 Baseline Operating Scenarios 
Differences in the eight baseline operating scenarios, offering only the 
existing Douglas airplanes to meet subsequent aircraft demand, are outlined. 
The operational conditions that were varied from scenario to scenario are 
underlined and the number of cases examined under each condition is given in 
parenthesis. 
o Baseline pre-energy crisis scenario with fuel price at 
l5¢ per gallon (1) 
o Baseline scenario with fuel price at 30¢ and 60¢ per gallon (2) 
o Baseline scenario with hub constraints - fuel at 30¢ and 60¢ 
per gallon (2) 
o Baseline scenario with allocated fuel at 1973 levels - fuel at 
30¢ per gallon (1) 
o Implementation of fuel conserving flight operations with and without 
ATC improvements - fuel at 60¢ per gallon (2) 
The first baseline scenario was developed to simulate the airline operating 
environment in 1973. This scenario represented the existing on-hand and new 
production Douglas equipment operating through 1990 over the DC-Jet route 
network in an unconstrained fuel environment. It also reflected 1973 load 
factors and operational procedures, 1973 frequencies as a minimum, 1973 fare 
levels, and the lowest NASA-specified fuel price of 15 cents per gallon. 
Only existing Douglas airplanes in production in 1973 were allowed to meet 
the additional aircraft demand through 1990. The fleet-mix selected for this 
scenario satisfied 100 percent of the forecasted revenue passenger-mile demand. 
This case reflected a pre-energy crisis environment for the airlines through-
out the forecast period. Since fuel was at 15 cents per gallon, this scenario 
provided the upper limit for fuel demand on the route system from 1973-1990. 
All the other operating scenarios were analyzed at a fuel price of either 
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30 cents or 60 cents per gallon. The RECAT Study contractors assumed that a 
fuel price of 30 cents per gallon in constant 1973 dollars repre.sented a 
realistic average price during the study years. A higher fuel price of 60 
cents per gallon in constant 1973 dollars '(Vas used to reflect an average 
upper limit on fuel price over the forecast period. 
3.4.1 Baseline Operational Changes The variations i~ the operational 
constraints outlined in Section 3.4 included changing f'ael price from 15 cents 
per gallon to 30 cents and 60 cents per gallon, l10lding available fuel through 
1990 to the 1973 level, implementing hub constr~ints, and improving flight 
operations to conserve fuel. 
Hub Constraints Two baseline scenarios, one at a fuel price of 30 cents 
per gallon and the other at 60 cents per gallon, considered the effect of 
implementing hub constraints, (maximum frequency limitations) at selected 
hub airports over the forecast period. ~he hubs selected and their growth 
rates were discussed in Section 1.8.4. 
Fuel Conserving Operating Procedures The impact of fuel conservative 
operational variations, relative to the idealized handbook flight profiles, 
were analyzed for the baseline aircraft. The variations included alternative 
flight operations, involving both navigational and aircraft management 
procedures, as well as alternative ground operations. These operational 
procedures were assessed at two levels - those that could be implemented 
without a significant change in the present Air Traffic Control (ATC) System, 
and those that would require significant ATC changes. The first scenario 
involved the use of long range flight profiles including long range climb 
and cruise procedures and represented the most fuel conserving level possible 
in today's ATC system. In addition to the first level of fuel conserving 
flight operations, the second scenario also assumed an improved ATC system 
operational in 1980. No attempt was made to assess the cost of implementing 
these improvements to the air-traffic control system since this was autside 
the scope of the study. Instead, assumptions were made by the contractors 
and NASA as to the possible capabilities of the system in 1980. These 
included the use of aircraft cruise climb procedures and four-dimensional 
area navigation (4-DRNAV), which together allow more optimum flight paths 
with minimum delay time. 
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3.4.2 Scenario Reference Cases 
Once the hub constraints were implemented, they were retained for all the 
improved flight operations scenarios as well as for ~ll the twenty-seven 
aircraft option scenarios. The baseline hub constraint scenarios with fuel 
at 30 cents and 60 cents per gallon were chosen as the primary reference 
cases against which the twenty-seven alternative scenarios were quantitatively 
compared because they more accurately represented the real airline environment 
of major airport saturation anticipa'ted during the study period. 
3.5 Fleet Forecast Results of Eight Baseline Operating Scenarios - DC-Jet 
Network 
3.5.1 Pre-Energy Crisis Baseline Scenario (Fuel at 15 Cents Per Gallon) 
The fleet forecast developed for the baseline pre-energy crisis scenario with 
fuel at 15 cents per gallon required a total fleet of 559 aircraft in 1973, 
600 in 1980 when the goal load factor of 58 percent was first achieved, and 
801 by 1990. The fleet carried all the forecasted revenue passenger-mile 
demand throughout the study period. The fuel burned by the fleet totalled 
6.8 million tons in 1973, 8.7 million tons in 1985, and by 1990 it was 10.1 
million tons. Over the entire study period, the fleet forecasted for this 
scenario consumed a total of 144.5 million tons of fuel and generated a gross 
operating profit of $24.3 billion. For this study the terms gross operating 
profit and profit were defined as total revenue less total operating costs. 
3.5.2 Baseline Scenario With Fuel at 30 Cents and 60 Cents Per Gallon 
Only fuel price was increased in the next two baseline scenarios, from 15 
cents to 30 cents and then to 60 cents per gallon. The fleets required to 
maximize airline profits under these two fuel price scenarios carried all 
the passenger traffic and burned approximately the same amount of total fuel, 
144.1 and 144.0 million tons respectively, as the pre-energy crisis scenario 
did during 1973-1990. 
However, profit over the forecast period decreased by almost 24 percent to 
$18.6 billion with ~ fuel price of 30 cents per gallon and by 71 percent to 
$7.1 billion when fuel was at 60 cents per gallon. Fleet sizes stayed 
approximately the same through 1985 as those of the 15 cents per gallon 
scenario, but decreased by 1990 to 783 and 785 airplanes respectively. 
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3.5.3 Baseline Scenarios at 30 Cents and 60 Cents Per Gallon With Hub 
Constraints 
In order to assure airline realism in the study, the hub constraints discussed 
in Section 1.8.4 were added to the two baseline scenarios with fuel prices of 
30 cents and 60 cents per gallon. In both hub-constrained fleet forecasts, 
passenger RPM's decreased by about 3-1/2 percent or by 38.8 and 40.5 billion 
RPM's respectively during the 1973-1990 study period as shown in Figure 56. 
Fleet sizes in 1980 were 594 airplanes for both forecasts; in 1990 they were 
718 and 717 respectively. In order to effectively compare the results of 
these forecasts with the non hub-constrained 30 cents and 60 cents scenarios, 
it was necessary to compare the fuel consumption and profit generation in 
terms of passenger volume. This type of efficiency comparison will continue 
throughout the study since the RPM's which were performed for each operating 
scenario were different. Therefore, fuel burns of the fleet forecasts were 
compared on the basis of pounds of fuel per RPM, and profit was compared on 
the basis of dollars of profit per RPM. When the hub constraints were added 
to the two baseline scenarios with fuel prices of 30 and 60 cents per gallon, 
the fuel burned and profit generated per RPM did not change noticeably from 
that achieved by the non hub-constrained scenarios at' the same fuel price, 
as shown in Figure 57. 
3.5.4 Baseline Scenario With Allocated Fuel 
This scenario measured the effect of limiting fuel availability for each year 
in the forecast to the 1973 level. The fuel price for this operating scenario 
was 30 cents per gallon. The RPM's carried during 1973-1990 decreased by 
15 percent from the baseline reference case, (the hub-constrained scenario at 
30 cents per gallon). It should be noted that once the hub constraints were 
implemented in the previous two baseline scenarios, these constraints were 
continued in each subsequent operating scenario. This fuel allocated fleet 
forecast generated a little over 4 percent less profit per RPM while the fuel 
consumed was 3 percent higher per RPM than for the baseline hub scenario. 
This was ,due to the lower RPM performance and the addition of very few new 
more fuel-efficient baseline aircraft to the fleet. However, in total fuel 
burned over the forecast period, the forecasted fleet in a fuel constrained 
environment consumed 17.4 million tons less, a 12-1/2 percent reduction. This 
was achieved by performing 15 percent less RPM's. Therefore, even though the 
fleet mix changed slightly over time, the total fleet size required for this 
forecast remaine~ essentially constant at about 559 airplanes from 1973-1990. 
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3.5.5 Impl~mentation of Fuel Conserving Operational Procedures 
at 60 Cents Per Gallon 
The first level of improved flight operations that were examined to conserve 
fuel involved those procedures that could be achieved by the airlines under 
the present ATC system. The second level involved the reduction in fuel con-
sumption that could be attained using the procedures initiated for the first 
level plus the potential fuel savings that would result from operating under 
an improved air traffic control system assumed available in 1980. There was 
little change in the RPM's generated by either fleet forecast as shown in 
Figure 58 relative to the hub-constrained scenario with fuel at 60 cents per 
gallon. However, with the curreptly available fuel conserving operational 
procedures, profit per RPM decreased 8 percent but, importantly, fuel savings 
per RPM increased by 5 percent during 1973-1990. Profit was down in this 
scenario due to the increased block times resulting from slowing down to 
conserve fuel. These increased block times had a strong impact upon both 
the direct and indirect operating costs. 
Under a 1980 improved ATC operating scenario, profit over the forecast period 
improved by almost 13 percent and fuel savings increased by 7.5 percent 
relative to the baseline reference case. Fuel savings for this scenario 
during the period that the improved ATC was operational, from 1980-1990, were 
over 10 percent relative to the reference case. The total fuel burned by 
this fleet in 1990 was 8.2 million tons compared to almost 9.2 million tons 
for the reference hub-constrained scenario, while generating almost an equi-
valent number of RPM's. Therefore, an j.mproved ATC system that could achieve 
significant reductions in flight delays does appear to be a worthwhile goal 
in terms of fuel conservation. However, the benefits of these potential fuel 
savings would have to be evaluated against the cost of improving the system. 
This detailed evaluation was beyond. the scope of the present study. 
3.5.6 Summary of Fleet Forecast Results for the Baseline Operating Scenarios 
Table 55 summarizes the re8ults from the fleet forecasts for each of the eight 
baseline operating scenarios. The revenue passenger-miles and the required 
aircraft units are given fol' each scenario. Fuel savings are shown for the 
fuel allocated and fuel conserving operational scenarios relative to the study 
reference cases. These referenced cases were the hub-constrained scenarios 
with fuel prices of 30 cents and 60 cents per gallon. 
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TABLE 55 
COMPARATIVE FLEET FORECAST RESULTS 
RPM'S ANNUAL FLEET SIZE 
(Billions) (Number of Airplanes) 
1973-1990 1980-1990 1973 1980 1985 
1144.222 799.627 559 600 675 
1144.222 799.627 559 600 674 
1144.222 799.627 559 600 670 
1105.469 763.816 559 594 647 
1103.723 762.065 559 594 /. 645 
940.371 605.222 559 559 560 
1102.295 761.142 559 629 I 684 
1102.478 761.866 I 559 608 661 
-~---.----~-.-. ----~--
FUEL SAVINGS/RPM 
(Percent) 
1990 1973-1990 1980-1990 
801 
-- --
783 
-- --
785 
-- --
718 
-- --
717 
-- --
559 -2.9 6.0 
757 4.9 6.3 
730 7.5 10.1 
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3.6 Alternative Aircraft Option Scenarios 
Twenty-seven operating scenarios were used to select the most promising fuel 
conserving aircraft options. Each scenario included an appropriate set of 
aircraft offerings from which the best f.leet-mix was selected. These sets of 
aircraft options were developed to reflect the typical changes that will 
occur in an airline's aircraft requirements and fleet composition over a 
seventeen year period, 1973-1990. Their introduction dates were also time-
phased to represent the order in which the various aircraft options would 
become available in the market place. 
The retrofit options, (modifications to the existing Douglas airplanes in the 
fleet). were screened first aga:l.nst the seven baseline aircraft. Next the 
modification options, (existing airplane types modified in-productio~), and 
the derivative aircraft were screened against both the baseline airplanes 
and the selected retrofit options. Finally, the new near-term 1980 technology 
aircraft were screened against ~he baseline airplanes as well as the selected 
retrofit, modification and derivative options. 
The twenty-seven alternative pperating scenarios that were studied are out-
lined by three general sets of aircraft offerings. The operational constraints 
that were varied in the scenarios are listed, and the number of cases examined 
under each condition are given in parentheses. 
(:I Implementation of the retrofit options with fuel at 30 cents per 
gallon 
Total (both dr~g reduction and engines) retrofitR screened -
fuel constrained environment only (1) 
Drag reduction retrofits screened - fuel constrained 
environment only (1) 
Engine retrofits screened - fuel constrained environment 
only (1) 
Initially selected retrofits - both fuel environments (2) 
o Implementation of "selected retrofits with "modification and derivative 
options - fuel at 30 cents per gallon, both fuel environments. 
Initially selected retrofits screened with modifications and 
derivatives (2) 
Selected modifications and derivatives (2) 
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o Implementation of selected mod options including retrofits and 
selected derivatives, with new near-term aircraft - fuel prices of 
30 cents and 60 cents per gallon, both fuel environments. 
Selected mod options, and derivatives screened with new 
near-term aircraft (4) 
Selected mod options, derivatives, and new near-term 
aircraft (4) 
Investigated the effect of varying the baseline traffic 
demand (8) 
• + 10 percent RPM demand 
• 10 percent RPM demand 
Analyzed the impact of load factor - without fuel constraints 
at a fuel price of 30 cents per gallon (2) 
• 55 percent goal load factor 
• 70 percent goal load factor 
3.6.1 AlternlJ,1;j.ve Scenario Operational Changes 
The retrofit aixcraft options were screened only under a fuel constrained 
environment. Since the airlines are not particularly favorable toward the 
retrofitting of old aircraft, these aircraft options were tested under a fuel 
availability environment which might convince the airlines to retrofit if the 
options proved to be economically and operationally viable. 
The modification, derivative, and new near-term airplanes were screened under 
both the fuel environments, one with a constrained fuel supply and the other 
with an unlimited fuel supply. This was done to determine those aircraft 
options that would be the most viable under either fuel situation. 
The fleets forecasted for each offering of aircraft options were comprised of 
those aircraft options selected as the most fuel conserving and economically 
viable from the screening procedures. Some selected retrofits were dropped 
when screened with the modification and derivative options, while other retro-
fits previously selected were eliminated when tested against the new near-term 
airplanes. 
Operational changes, other than the fuel environments and the different offer-
ings of options, were analyzed after the best fleet-mixes combining all the 
selected aircraft options had been determined. This provided results that 
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more accurately reflected the real airline environment of changing fleet 
compositions over a long period of time, 1973-1990. 
Scenario Reference Cases - As stated in Section 3.4.2, the primary reference 
cases for this study were the baseline hub constraint scenarios with fuel at 
30 cents and 60 cents per gallon. Results and fuel savings of the fleet 
forecasts developed from the twenty-seven alternatjve operating scenarios 
were measured against the results of the hub-constrained scenarios. 
3.7 Fleet Forecast Results of Alternative Aircraft Option Scenarios - DC-Jet 
Network 
3.7.1 Retrofit Options 
Three fleet forecasts were made to initially screen the baseline retrofits 
because each DC-8 airplane studied had three potential retrofit options. 
These forecasts were made under a fuel constrained environment as the retro-
fitted aircraft were prtncipally designed to obtain fuel savings independent 
of cost considerations. Since the DC-9 and DC-lO airplane types did not have 
multiple retrofit options, they competed with ea.ch other and the offered DC-8 
retrofits in each forecast. Fi.::ot, the three DC-8R
'
s (total retrofit packages 
including drag and engine modifications) were offered against the baseline 
aircraft plus the DC-9 and DC-lO retrofits. Then the DC-8DR's (drag r",duction 
retrofits), and lastly the DC-SER's (engine retrofits) were tested against 
the baseline aircraft plus the DC-9 and DC-lO retrofits. The retrofit options 
chosen from this screening process are gl\~own in Table 56. 
TABLE 56 
RESULTS OF INITIAL MODIFICATION SCREENING 
I DC-8-20R I DC-8-20DR DC-8-20ER 
DC-8-S0R I DC-8-50DR I DC-8-S0ER 
DC-8-6IR I DC-8-6IDR I DC-8-6lER 
DC-9-10R 
I DC-9-30R I 
I DC-IO-IOR I 
I DC-lO-40R I 
I I = Selected Option 
153 
", , 
1 
1 
1 
j 
I 
1 
From the various DC-8 retrofit options, the market selected the DC-8-20R, 
DC-8-50DR, and DC-8-61DR. Each selected aircraft provided, for its type, the 
highest combination of potential profit increase and fuel savings. The 
DC-9-10R was the only retr.ofit of the DC-9 and DC-lO airplane types that was 
not selected by the market. The ruel savings it offered did not offset higher 
operating costs than those of the baseline DC-9-l0. Fleet forecasts under 
both fuel environments were then made offering both the baseline airplanes 
and the six selected retrofits (Table 56) to the market. The profit improve-
ment and fuel savings resulting from these fleets are shown in Figure 59. 
The RPH's performed by the select~d fleet-mix under a fuen constrained 
scenario were ever 10 percent less during the period 1973-1990 than those for 
the reference scenario with an unlimited fuel supply. The number of airplanes 
required in 1980 was 566, but by 1990 only 580 units were needed in this fleet 
since the ability to satisfy all the RPM growth was reduced by the restricted 
fuel availability. Fuel savings achieved with the selected retrofit options 
were over 5 percent during the period 1980-1990, but as the mods were not 
available until 1978-1980, fuel savings over the total forecast period were 
only 3 percent. 
The fleet-mix selected for an unlimited fuel environment produced the same 
RPM's as the reference scenario in which only the hub constraints limited the 
full performance of the forecasted annual traffic demands. Fuel savings 
achieved with the retrofit options were only 1-1/2 percent from 1973-1990 and 
2 percent from 1980-1990. As expected, the savings achieved with the retrofit 
options in this fleet-mix were less than the savings realized with them under 
the fuel constrained environment. This was due to the increased value applied 
in the analysis to fuel savings in a fuel limited environment. Profit per RPM 
in the unconstrained fuel environment was approximately the same as for the 
reference scenario. In the fuel constrained environment, profit per RPM was 
4 percent less than for the reference case. However, in comparing ~:he results 
of this scenario to those for the baseline scenario with fuel allocations, the 
addition of the selected retrofit options into the fleet did increase profit 
by almost 1/2 percent, but, more importantly, they provided fuel savings of 
6 percent. 
3.7.2 Modification and Derivative Options 
Fleet forecasts were developed under both fuel environments to screen the 
modification and derivative options against the baseline airplanes and 
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Figure 59. Fleet Forecast :tesults \-lith Selected Retrofit vptions 
1 cted retrofit option. The pr viously d sirable DC-8-20 DC-9-30R nd 
DC-tO-40R aircraft were dropped by the m rke in favor 0 more econom c 
derivativ op ions which w re Iso better sized fo mark a he 1m of 
their introduction. Nor re th in-production modification options (DC-lO-10M 
and DC-10- OM) viable in the study market due to their hi h to a1 opera tin 
costs . The DC-8-50DR DC-8-6lDR, and DC-lO-lOR retrofi op ions e sill 
desired by the market along with the select d der va ive op ions shown in 
Table 57 . 
TABLE 57 
RESULTS OF MODIFICATION AND DERIVATIVE OPTIO SCREENING 
With Fuel Constraints Without Fuel Constraints 
DC-9-30D1 DC-9 - 30DQ 
DC-9-30D2 DC-9-30D2 
DC-9-30D3 DC-9-30D3 
DC-lO-10M DC-10-10M 
DC-lO-lOD DC-lO-lOD 
DC-lO-40M DC-lO-40M 
DC-lO-40D DC-lO-40D 
= Selected Option 
Results of the fleet forecasts are shown in Figure 60. The selected fleet-
mix for the fuel constrained scenario performed only 90 percent of the RPM's 
produced by the reference case from 1973-1990. HowevE~r , it is important to 
poin out that by the year 1985 over 14 percent of the passenger demand was 
not served and ~y 1990 over 25 percent of the demand was turned away when the 
fuel constrained environment was imposed. The fleet-mix selected in an unlimited 
fuel availability scenario carried 1 pe:.~ .~l.t more RPM's than the reference case 
over the forecast period. This was because the airplanes selected or this 
fleet were tter sized for the IIlarket and were thus able 0 carry more traff :" c 
in some of the hub-constrained markets,and still meet the frequency limitations . 
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selected retrofit options. The previously desirable DC-8-20R, DC-9-30R, and 
DC-10-40R aircraft were dropped by the market in favor of the more economic 
derivative options which were also better sized for the market at the time of 
their introduction. Nor were the in-production modification options (DC-lO-lOM 
and DC-lO-40M) viable in the study market due to their high total operating 
costs. The DC-8-50DR, DC-8-6lDR, and DC-lO-lOR retrofit options were still 
desired by the market along with the selected derivative options shown in 
Table 57. 
TABLE 57 
RESULTS OF MODIFICATION AND DERIVATIVE OPTION SCREENING 
With Fuel Constraints Without Fuel Constraints 
DC-9-30Dl DC-9-30D£] 
DC-9-30D2 DC-9-30D2 
DC-9-30D3 DC-9-30D3 
DC-lO-lOM DC-lO-lOM 
DC-lO-lOD DC-lO-lOD 
DC-lO-40M DC-lO-40M 
DC-lO-40D DC-lO-40D 
Selected Option 
Results of the fleet forecasts are shown in Figure 60. The selected fleet-
mix for the fuel constrained scenario performed only 90 percent of the RPM's 
produced by the reference case from 1973-1990. However, it is important to 
point out that by the year 1985 over 14 percent of the passenger demand was 
not served and by 199Q over 25 percent of the demand was turned away when the 
fuel constrained environment was imposed. The fleet-mix selected in an unlimited 
fuel availability scenario carried 1 pe':'~,,~1.t more RPM's than the reference case 
over the forecast period. This was because the airplanes selected for this 
fleet were better sized for the lliarket and were thus able to carry more traff:,' c 
in some of the hub-constrained markets, and still meet the frequency limitations. 
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Five hundred and seventy-five aircraft were required by the fuel constrained 
fleet in 1980 and by 1990 only 594 airplanes were needed. In contrast, the 
unlimited fuel fleet required 598 units in 1980 and 727 airplanes in 1990. 
Fuel savings for the fuel allocated scenario were 4.5 percent over the fore-
cast period, 1973-1990, and 7.3 percent during 1980-1990. With the selected 
retrofits and derivatives in the unlimited fuel scenario, fuel savings of 
4.7 percent were achieved over the entire study period and 7 percent from 
1980-1990. Profit per RPM increased almost 2 percent for the fuel constrained 
scenario and over 4 percent for the unconstrained fuel environment over the 
reference case during 1973-1990. 
3.7.3 New Near-Term (1980) Aircraft 
Four fleet forecasts were developed to screen the selected mod options, in-
cluding the viable relrofits as well as the selected derivatives, anq the 
twelve new near-term airplanes. Two scenarios with fuel prices of 30 cents 
and 60 cents per gallon were considered in a fuel constrained environment 
while the other two scenarios had an unlimited fuel supply at the same two 
fuel prices. The N80 aircraft that were selected under both fuel environments 
are shown in Table 58. Fuel price did not affect the selections shown. In 
either fuel environment the N80-2.l5 30 proved to be a very viable airplane 
in the study market. 
Results of the fleet forecasts are shown in Figures 61 and 62. Both of the 
N80 fleet mixes selected for the scenarios with no fuel constraints at 30 
cents and 60 cents per gallon produced more RPM's from 1973-1990 than the hub-
constrained reference scenario, 1 percent and 1/2 percent respectively. 
Revenue passenger-miles over the forecast period for the fuel constrained 
scenarios with 30 cents and 60 cents per gallon fuel decreased from the 
reference case by 8 percent and 9 percent respectively. Profit per RPM 
during this period increased by 6-7 percent for the scenarios with fuel at 
30 cents per gallon and 33-35 percent for those scenarios with fuel at 60 c~nts 
per gallon. Profit improvement achieved with the more economic derivative and 
new near-term aircraft options for the 60 cent scenarios was much higher than 
that for the 30 cent scenarios. This ~.rqS because in the higher fuel price 
environment these aircraft types became more viable, increasing overall 
fleet profitability. 
Fuel savings have increased with the addition of each selected group of options. 
For all four fleet mixes with the selected N80's, fuel savings were between 
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TABLE 58 
RESULTS OF NEW NEAR-TERM AIRCRAFT SCREENING 
WITH FUEL CONSTRAINTS WITHOUT FUEL CONSTRAINTS 
~,' 
N80 - 2.1515 200 Psgra 1~500 NM N80 - 2.1515 
.~ 
N80 - 2.1530J N80 - 2.1530 
N80 - 2.1560 N80 - 2.1560 
N80 - 2.15MF N80 - 2.15MF . j , 
N80 - 2.3015 200 Psgr; 3,000 NM N80 - 2.3015 
t j 
N80 ... 2.3030 N80 - 2.3030 
1 
N80 - 2.3060 N80 - 2.3060 1 
N80 - 2.30MF N80 - 2.30MF 1 
I: I 
N80 - 4.3015 400 Psgr; 3,000 NM N80 - 4.3015 
I 
N80 - 4.3030 L N80 - 4.3030 i 
~4.3060 I I 
.j 
N80 - 4.3060 j j 
1 
1 
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7 and 8 percent over the stunv period. Although the N80 airplanes were made 
available in 1980, the market did not start to require a sizeable number of 
them until 1984-1985. The N80-2.l5 30 was an exception to this, and a 
sufficient quantity of airplanes was desired by the market as soon as it 
became available. Fuel savings for the period 1980-1990 for the selected 
fleets with the N80's varied from 10 percent to almost 13 percent as shown 
in Table 59. 
Load Factor Variations - Using the operating environment and the offering 
of aircraft options for the selected N80 scenario with unconstrained fu~l at 
30 cents per gallon, two additional scenarios were developed to investigate 
the effects of load factor variations. The study goal load factor was 58 
percent. This goal load factor was decreased to 55 percent in one scenario 
and increased to 70 percent in the other. These results were compared with 
the results of the selected N80 scenario, as well as the hub-constrained 
reference case and the baseline scenario, all with fuel at 30 cents per 
gallon and a goal load factor of 58 percent. The fleet forecast results are 
shown in Figures 63 and 64. 
In measuring the impact of load factor, the results were compared directly 
with those for the selected N80 scenario. At a 55 percent load factor, RPM's 
were 1 percent less, but with a 70 percent load factor, revenue passenger-
miles increased by 1.4 percent over the selected N80 scenario with a 58 
percent load factor during the forecast period. Profit per RPM from 1973-
1990 with a 55 percent load factor was over 6 percent less, while at 70 
percent it was almost 16 percent higher. Fuel burned per RPM increased by 
3 percent with a 55 percent load factor, but decreased during the study period 
by almost 7 percent for a 70 percent load factor. From 1980-1990 fuel burned 
per RPM increased by almost 4 percent at a 55 percent load factor but decreased 
by over 10 percent at 70 percent, demonstrating the strong impact load factor 
alone has on fuel conservation. 
Traffic Demand Variations - Eight operating scenarios were developed to 
investigate the effect varying traffic demand would have on fuel savings and 
profit generated. Four scenarios were studied under an unlimited fuel environ-
ment, and the other four were considered in a fuel-constrained environment. 
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TABLE 59 
COMPARATIVE FLEET FORECAST RESULTS FOR SELECTED AIRCRAFT OPTIONS 
RPM'S ANNUAL FLEET SIZE 
STUDY SCENARIOS (Billions) (Number of Airplanes) 
1973-1990 1980-1990 1973 1980 1985 1990 
BASELINE SCENARIOS 
Hub-Constrained @ 30¢ 1105.469 763.816 559 594 647 718 , 
Hub-Constrained @ 60¢ 1103.723 762.065 559 594 645 717 
AIRCRAFT OPTION SCENARIOS 
Constrained Fuel 
Retrofits @ 30¢ 988.499 652.357 559 566 577 580 
Mods + Derivs. @ 30¢ 990.821 657.690 559 575 590 594 
Mods & Derivs. + N80s 
@ 30¢ 1015.761 682.630 559 572 579 581 
Mods & Derivs. + N80s 
@ 60¢ 1002.882 669.889 559 550 568 573 
Unlimited Fuel 
Retrofits @ 30¢ 1105.091 764.051 559 590 643 714 
Mods + Derivs @ 30¢ 1115.868 774.26,3 559 59B 642 727 
Hods & Derivs. + N80s 
@ 30¢ 1116.354 774.749 559 592 637 716 
, Mods & Derivs. + N80s 
@ 60¢ 1109.657 769.789 559 589 634 710 ~-~.- ~ --_.-~ --.- -. ---- --
.-
FUEL SAVINGS 
(Percent) 
1973-1990 1980-1990. 
- -
-
-
3.2 5.4 
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Under each fuel environment, RPM's were increased and decreased by 10 percent 
at fuel prices of 30 cents and 60 cents per gallon. Otherwise all the 
scenarios represented the operating environment and the offering of aircraft 
options of their respective N80 scenarios. 
From this preliminary analysis, it was apparent that fuel savings of between 
3-4 percent per RPM could be realized with a 10 percent increase in RPM demand 
over the forecast period. These savings were virtually the same under both 
fuel environments and both fuel prices of 30 and 60 cents per gallon. On the 
other hand, when RPM demand was reduced by 10 percent, the fuel burned per 
RPM by the forecasted fleets over the same period increased by 3-4 percent 
regardless of fuel environment or fuel price. With j.ncreased RPM demand, 
larger more fuel efficient aircraft were able to satisfy the minimum frequency 
requirements that had previously precluci.'d their profitability on certain low 
traffic routes. Conversely, with decreased RPM demand, the aircraft previously 
s~lected as satisfactory could no longer profitably meet the minimum frequency 
levels and were replaced by smaller less fuel efficient types. 
Fare Variations - A preliminary analysis was also made of the effect differing 
traffic demands would have on the required fare levels. This analysis was 
carried out to provide equivalent airline profits (profit per RPM) in each 
scenario regardless of the level of traffic demand. It was not the intention 
of this study to attempt to readjust the CAB's Phase IX f3re levels at each 
stage length. Therefore, the initial results given here were based on the 
assumption that fare increases or decreases would be carried out uniformly 
across all stage lengths, and RPM demand variations were a.lso applied to each 
city pair in the study market. 
From this analysis, it appears that in both fuel environments with a fuel 
price of 30 cents per gallon, a 10 percent increase in RPM demand would allow 
a 5 percent reduction in fares to achieve the same profit per RPM as the N80 
scenarios with the baseline traffic demand. A 10 percent decrease in RPM's 
would require a 5 percent increase in fares to achieve the same profit level 
as the baseline NBO cases. 
With a fuel price of 60 cents per gallon and either fuel environment, a 
10 percent increase in traffic demand would allow approximately a 12-13 per-
cent decrease in fare levels while a decrease in RPM demand of 10 percent 
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would require a 15-20 percent increase in fares to achieve the same profit 
per RPM as the baseline NBO cases. Again the percentage increase or decr.ease 
in profit pet' RPM is greater with a fuel price of 60 cents per gallon than 
with fuel at 30 cents per gallon. Therefore, the fleet forecast results are 
good only for comparison with other 60 cents per gallon fuel scenarios. 
Although the assumptions used in this preliminary fare analysis would not be 
totally valid in the real airline world, they were adequate to provide "ball-
park" results for the purpose of this study. Obviously, an in-depth study of 
traffic demand and fare levels and their interreactio'ls, as well as the effects 
of other airline operating factors, would be necessary to more accurately 
predict the impact of traffic demand and fuel price on fares. This study 
would most certainly have to include an assessment of the future elasticity 
of air travel demand in the U.S. dom8stic air transportation system. 
3.B Summary of Results and Conclusions 
3oB.l Revenue Passenger-Miles 
The RPM's flown from 1973-1990 over the study network varied under each 
operating scenario. Upon implementation of the hub constraints, no scenario 
in either fuel environment carried all the forecasted RPM demand. In an 
unlimited and limited fuel environment with hub constraints, the baseline 
fleet performed 96.5 percent and 82 percent respectively of the total fore-
casted RPM demand during 1973-1990. However, when the derivative and N80 
aircraft options were added into the fleets, 97-98 percent of the RPM's were 
performed in the unconstrained fuel scenarios, but only 87-89 percent of the 
RPM's were carried in the fuel constrained scenarios during the study period. 
With fuel constraints, the operating scenarios s"ltisfied only 71-75 percent 
of the demand in 1990, while in the unconstrained fuel scenarios, only 5 per-
cent of the RPM's were not carried in 1990. The revemle passenger-miles 
generated over the DC-Jet route network under each fuel environment were then 
projectt:d to the total U.S. domestic system as shown in Table 60. 
TABLE 60 
PROJECTION OF U.S. DOMESTIC SYSTEM RPM's 
(1973-1990) 
Without Fu~l Constraints 
With Fuel Constraints 
DC-Jet Network 
1105 - 1144 Billion 
990 - 1015 Billion 
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U.S, Domestic System 
Approx. 3300 Billion 
Approx. 2950 Billion 
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3.8.2 Fleet Sizes 
The fleet sizes predicted for 1990 'on the DC-Jet Network were obviously 
dependent on the fuel environment. With the implementation of fuel con-
straints, the fleet size required was considerably smaller due to the lack 
of ability to perform all the RPM demand within the allocated fuel levels. 
The actual fleet sizes required by operating scenario and fuel environment 
from 1973-1990 are depicted in Figures 65-66. Although each year from 1973-
1990 was considered in each fleet forecast, for presentation purposes the 
fleet sizes for just the selected years are shown. Table 61 compares the 
average fleet sizes needed in 1990 for the DC-Jet Netwol:'k with and without 
fuel constraints. Using these average fleet sizes, the number of aircraft 
needed for the total U.s. domestic system in 1990 were estimated and are also 
given in Table 61. The estimated fleet size for the U.S. domestic system 
with no fuel constraints correlates well wi.t:h other recent studies predicting 
fleet sizes of approximately 2100 airplanes :t,n 1990. 
~vithout Fuel Constraints 
With Fuel Constraints 
TABLE 61 
1990 FLEET SIZES 
DC-Jet Network 
700 - 725 
575 - 600 
3.8.3 Selected Aircraft Options 
U.S. Domestic System 
2050 - 2150 
1700 - 1800 
The types and numbers of each aircraft required in each scenario varied, but 
certain aircraft options were selected in sufficient quantity by the market 
in almost every scenario, and these are listed in Table 62. Out of the 
32 aircraft options studied, 10 were selected as the most promising"for fuel 
conservation as well as being economically and operationally viable under the 
two fuel environments examined. 
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TABLE 62 
MOST PROMISING AIRCRAFT OPTIONS FOR,REDUCING FuEL CONSUMPTION 
Selected Aircraft Options 
Number of Study Options With Fuel Constraints Without Fuel Constraints 
13 Retrofits 
7 Derivatives 
12 New Near-Term 
DC-8-50 DR 
DC-8-6l DR 
DC-lO-lO R 
DC-9-30 D3 
'DC-lO-lO D 
N~0-2.l530 
N80-2.30JO N80-4.3030 N80-4.3060 
DC-8-50 DR 
DC-8-6l DR 
DC-9-30 Dl 
DC-9-30 D3 
DC-lO-iO D 
N80-2.1530 
N80-4.3030 N80-4.3060 
The potential U.S. market requirement for each selected aircraft option was 
projected and-is given in Table 63. For the selected retrofit aircraft 
options, the total potential program size was equal to the numbers of existing 
aircraft of that type available for retrofitting in the U.S. airline fleets. 
TABLE 63 
PROJECTED POTENTIAL MARKET SIZES 
(1990) 
Selected Aircraft Options 
Potential. U.S. Domestic 
Aircraft Market 
Deri vatiives 
DC-9-30Dl 
DC-9-30D3 
DC-IO-lOD 
New Near-Term Aircraft 
N~0-2.l530 
N80-2.3030 (Fuei Constrained Environment Only) N80-4.3030 N80-4.3060 
171 
500 - 550 
175 
90 
.. 
, ..... 
Market sizes for the derivative options were rewarding, especially in terms 
of the fuel savings potential they offer, as well as the economic viability 
they would provide the manufacturer. It should be pointed out that the 
market sizes estimated in this study did not include the potential for 
further aircraft sales for use in the fleets of the foreign carriers. This 
additional aircraft demand would certainly induce a manufacturer to produce 
one or more of the selected derivative options. 
The market requirements for the N80 airplanes were too low to establish a I 
v~able new aircraft program. Ho~ever, it should be remembered that the 
m~jority of the selected N80 options were not needed by the market until I 
19184-1985, and therefore, a market size determined in 1990 is somewhat 
premature. This points to the desireability of delaying introductiop of the 
N80's until 1985-1990, and that the year 2000 would be more appropriate to 
use in determining market sizes for these options. 
If the market d,E;.mands for the N80-4.303D and N80-4.3060 airplanes could be 
combined, thiR would provide a reasonable aircraft breakeven quantity for a 
manufacturer interested in producing an airplane in this size and range class. 
Due to the very small differences between models in operating costs and 
aircraft price, an optimized design based on these two airplanes for a fuel 
price actually appropriate at the time of aircraft operation might be the 
best new fuel conservative airplane option to develop. 
The market size for.: the N80-2.l530 was not as large as anticipated due to the 
competition froIn the 117 seat derivative DC-9, designated the DC-9-30 Dl. 
This airplane option was better sized for the market growth forecasted in this 
study. For this reason, as well as the large number of short haul airline 
routes domestically, it would be worthwhile to study a fuel conservative 
125-150 seat, 1500 nauti~al mile range N80 aircraft in the U.S. domestic 
system. This airplane might prove to be highly viable in the market by 
r~placing older DC-9/B737/B727 aircraft types and producing significant fuel 
savings within the system. Otherwise, in order to maximize fuel savings in 
the near-term, the air transportation industry should concentrate on the 
derivative options while continuing to research the technology necessary for 
developing promising new aircraft designs for a 1985-1990 introduction date. 
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3~8.4 Fuel Consumption and Savings 
B~sed on the fleet forecast results discussed in the preceding paragraphs 
I 
(~ections 3.'8.1, 3.8.2, and 3.8 3), the potential fuel savings of these 
r~sults over the DC-Jet route network can be documented. As expected, the 
baseline scenario with fuel at 15 cents per gallon demanded the most jet 
I 
fuel, 144.5 million tons, over the forecast period, 1973-1990. The lowest 
i 
I 
fuel consumption at both study fuel prices was achieved by the mixed fleet 
I 
I 
of selected retrofits, derivatives, and new neal'-term aircraft performing 
t~e same or more RPM's than the baseline scenarios with hub constraints, 
131.3 million tons and 129.3 million tons at fuel prices of 30 cents and 
60 cents per gallon, respectively. 
i. 
TJe fuel consumed by the fleet forecasted for each scenario is given'in 
i 
Table 64. For comparison purposes, four time periods are shown: a.nnually 
I 
! 
fdr 1980 and 1990, as well as cumulatively for 1973-1990 and 1980-1990. 
i 
T~e cumulative time period, 1980-1990, was included since the majority of 
the aircraft 'options were introduced to the market in 1980. The fuel savings 
o~er this period more realistically represent the actual fuel savings that 
cduld be achieved through the use of the selected study options. Figures 67 
and 68 graphically depict, by year, the cumula.tive fuel consumptions for 
each fleet forecast under the two fuel environments. 
The potential for fuel savings with each succeeding fleet forecast based upon 
different offerings of aircraft options under both fuel environments is shown 
in Table 65. The fuel consumed in the various fleet forecasts over the 
fo,recast period and the 1980-1990 time period, as well as in the year 1990 
were compared for efficiency on the basis of pounds of fuel burned per RPM, 
si~ce the RPM's for each scenario were different. The results of the 30 cents 
sC,enario were judged against those of the hub-constrained scenario with fuel 
at! 30 cents per gallon, and the results of the 60 cents scenarios were com-
pared against those for the 60 cents scenario with hub constraints. 
From Table 65, it can be seen that fuel conserving operating procedures off~r­
I 
ed; as much as a five percent reduction in fuel burned over the study period, 
! 
and over 6 1/2 percent in 1990 alone. Assuming an improved ATC system became 
operational in 1980, the fuel savings attributable to this improvement alone 
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TABLE 64 
COMPARATIVE FUEL BURNED (MILLIONS OF TONS) 
TOTAL DC-JET ROUTE NETWORK 
Scenario Description Annual Cumulative 
& Fuel Price (¢/Ga1) 1980 1990 
I 
BAsELINE 
I 
SCENARIOS 
15~ I 7.229 10.130 
30¢ 7.229 10.068 
60¢ 7.2.29 10.061 
i HUBS @ 30¢ 7.158 9.280 
HUBS @ 60¢ 7.158 9.169 
Fuel Constrained @ 30¢ 6.770 6.776 , 
i Consv. FIt. Opers. @ 60¢ 6.708 8.541 
Consv. Flt. Opers. + 1980 6.432 8.200 
ATC @ 60¢ 
uNLIMITED FUEL SCENARIOS 
, Modifications @ 30¢ 6.888 9.144 
Derivatives* @ 30¢ 6.935 8.805 
N80s** @ 30¢ 6.749 8.365 
N80s** @ 60¢ 6.599 8.199 
N80s** , ~ 55% L.F. @ 30¢ 6.955 8.668 
, 
N80s** - 70% L.F. @ 30¢ 6.749 ! 7.380 
CONSTRAINED FUEL SCENARIOS 
Modifications @ 30¢ 6.455 6.756 
Derivatives* @ 30¢ 6.452 6.679 
, N80s** @ 30¢ 6.312 6.550 
N80s** @ 60¢ 6.026 6.528 
*Derivatives - Modifications + Derivatives 
**N80s .: Modifications + Derivatives + N80s 
1980-1990 
95.494 
95.124 
94.974 
,90.948 
I 
,90.550 
74.507 
84.720 
81~410 
89.188 
85.741 
82.844 
81.291 
85.006 
75.909 
73.514 
72.597 
71.103 
I 69.611 
NOTE: Fuel burned on DC-Jet network in 1973 = 6.784 million tons 
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TABLE 65 
COMPARATIVE FUEL SAVINGS PER RPM (PERCENT) 
TOTAL DC-JET ROUTE NETWORK 
Scenario Description 
& Fuel Price (¢/Gal) 
Cumulative 
1973-1990 19BO-1990 
Relative to hub-constrained scenarios @,,;.30¢ and 60¢ per gallon 
BASELINE SCENARIOS 
Fu~l Constrained @ 30¢ -2.9 -6.0 
, 
Consv. FIt. Opers. @ 60¢ 4.9 6.3 
Consv. FIt. Opers. + 19BO 7.5 10.1 
ATC @ 60¢ 
i 
i 
I 
UNLIMITED FUEL SCENARIOS 
Modifications @ 30¢ 1.4 2.0 
Derivatives* @ 30¢ i 4.1 7.0 
NBOs** @ 30¢ 6.8 10.2 
NBOs** @ 60¢ 7.6 11.1 
, 
i NBOs** - 55% L.F. @ 30¢ 4.3 6.B 
1 NBOs** - 70% L.F. @ 30¢ 13.0 19.3. 
CONSTRAINED FUEL SCENARIOS 
Modifications @ 30¢ 3.2 5.4 
Derivatives* @ 30¢ 4.5 7.3 
NBOs** @ 30¢ B.1 12.5 
NBOs** @ 60¢ B.1 12.6 
1 
Relative to baseline fuel constrained scenario @ 30¢ per gallon 
€ONSTRAINED FUEL SCENARIOS 
I Modifications @ 30¢ 5.9 B.5 
i Derivatives* @ 30¢ 7.3 10.3 
~ NBOs** @ 30¢ 10.7 15.4 
.' 
*Derivatives ... Modifications + Derivatives 
**N80s = Modifications + Derivatives + Naos 
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e~ual1ed almost 4 percent in 1990 as well as over the period 1980-1990. The 
I 
total potential fuel savings from fuel conBerving operational procedures and 
I . 
an advanced ATC were over 10 percent in the same time periods. These savings 
equate to over 9 million tons during 1980-1990 and almOst a million tons in 
the year 1990 alone. 
I 
T~e three most p~omising modifications options selected by the market in 
tris study savE!d almost 1 1/2 percent fuel during 1973-1990, 2 percent during 
1980-1990 and tess than 1 1/2 percent in 1990. Since the number of retrofit 
o~tions available to the market was discrete, the savings did not change 
I 
significantly during any time pe,riod. However, when the selected derivative 
options were added to the fleet of existing airplanes and selected mod 
I 
options, fuel tlavings improved substantially to 7 percent during 1980-1990 
a~d almost 8 1/2 percent in 1990 alone, or a savings of over 5 millibn tons 
ffom 1980-1990. 
I 
Fuel savings continued to improve with the addition of each group of selected 
I 
options: the modification options alone, the mods plus derivatives, and then 
t~e mods, derivatives, and N80's, as can be seen in ,Table 65. The highest 
fuel savings were achieved \.Tit.h a mixed fleet of aircraft options (mods, 
derivatives, plus N80's) selected for a fuel price of 60 cents per gallon. 
TJis fleet reduced jet fuel con~umption by almost 8 percent over the total 
" f~recast period, over 11 percent during 1980-1990, and by nearly 15 percent 
, 
i~ the year 1990 alone. These fut'! savings produced by the mixed fleet of 
sJ1ected aircraft options amounted to 400 million gallons in the year 1990 
I 
a~one and over 3 billion gallons from 1973-1990 when compared with the base-
l line hub-const't'i'Lined fleet forecast for a fuel price of 60 cents per gallon. 
Ftlel savings achieved with the mixed fleet selected by the market when fuel 
'I 
w~s 30 cents per gallon were approximately one percent less in each of the 
I 
time periods than they were with the fleet selected for fuel at 60 cents. 
I 
When the goal load factor wafi increased from 58 percent to 70 percent in 
I 1980, the fuel savings achieved with a market s~lected fleet (mods, 
I 
d~rivatives, plus N80's) of the aircraft op~ions, at a fuel price of 
I 30 cents per gallon were significant. Fuel savings of 9 percent during 
1980-1990 and 13 percent during 1990 alone were produced above thosE' savings 
already provided by the mixed fleet selected at the same fuel price but with 
the study load factor of 58 percent. 
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Results for the comparabl~ f~eet forecasts under a fuel allocated environment 
were very similar, although the fuel savings in percentages were generally 
higher as shown in Table 65. In the fuel constrained scenarios, the market 
selected those aircraft type:s which maximized profits, within the total fuel 
al~ocation. Thus, these flE~ets tended to perform the greatest number of 
RPM~ s per pound of fuel. When fuel savings achieved with the unlimited fuel 
fleets were compared with those for the fuel constrained fleets, this higher 
fuel efficiency generally resulted in higher percentage fuel savings. 
3.8.5 Study Conclusions 
The most important conclusions that can be drawn about the relative importance 
of each of the fuel saving options in reduc.ing the fuel consumption of the 
U.S. domestic air transportation system during 1973-1990 are: 
o Fuel conserving flight procedures offer important immediate fuel 
0 
0 
0 
0 
savings, many of which have already been implemented. 
Additional fuel savings could be obtained operationally with an 
improved ATC system. 
Highf!r load factors would improve fuel efficiency substantially in a 
static airline environment. 
Aerodynamic retrofits appear to be worth pursuing in terms of fuel 
savings and modest economic gains for a short interim period. 
Reengining older narrow body aircraft for saving fuel is too 
expensive to be a viable fuel conserving alternative. 
o Derivatives of current airplanes, sized to meet the future needs of 
the market, would offer significant fuel savings as well as improved 
'0 economics over the modification of current aircraft. Certain deriva-
tives could also offer other environmental advantages to the air trans-
portatxon system such as the reduction of noise and pollution compared 
with the modification options. 
o The derivative" aircraft were the most promising options in terms of 
fuel conservation as well as economic viability for the near term, 
since market introduction of the N80 l s was too close to that for the 
derivatives to provide substantial additional fuel savings during 
that time period. 
o However, the all-new (N80) aircraft offer the greatest potential for 
fuel savings and improved economics in the far term, beyond 1985-1990. 
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SECTION 4.0 
U.S. INTERNATIONAL MARKET 
The international market operated by the U.S. scheduled airlines was also 
studied in order to determine the anticipated fuel demand and fleet require-
me~ts for these carriers during the period 1974-1990. Several possible long-
r~ge derivatives of existing aircraft as well as six all-new near-term air-
cr~ft (N80's) were analyzed in terms of their economic viability and potential 
fu~l savings relative to the baseline 1974 airplanes already in the airline 
fl~ets. In accomplishing this t<;lsk, alternative fleet forecasts were dev-
el9ped to screen these possible aircraft options against the U.S. inter-
national market requirements. The results of the forecasts were then compared 
bOFh economically and operational] \ As in the domestic study, the c,:riteria 
used in comparing viability included operating costs, potential airline profit, 
revenue passenger-miles flown, fuel saved and forecasted fleet size and mix. 
4.l STUDY APPROACH 
The U.S. international scheduled market and its characteristics were carefully , 
I 
reviewed, and a forecast was made of the potential traffic demand in this 
market from 1974-1990 using the actual revenue passenger-miles for the 1974 
ba~e year. A baseline operational scenario was developed to reflect the 
oPFrating environment of the U.S. international carriers during 1974. Next, 
se~eral operational conditions or constraints in this baseline scenario were 
I 
varied in order to determine the impact of these constraints on fuel burned 
anp saved, profit generated, as well as fleet size and mix. The constraints 
th:at were varied included fuel price, goal load factor', fuel availability, as 
weill as the grouping of aircraft options offered to the market. 
, 
, 
, 
I 
A nouglas computer program, the Performance Evaluation Technique, was used to 
de:termine the alternative fleet forecasts for each scenario. The objective 
criterion was to maximize airline profits thr:)ugh the appropriate choice of 
offered aircraft options under a particula~ operating environment. Using this 
method the operational and economic performances of the existing, derivative. 
and new near-term aircraft options were measured in the simulated airline 
operational scenarios. Further discussion of this computer program can be 
found in Section 1.9, page 20. 
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4.2 STUDY MARKET CHARACTERISTICS 
the markets served by the U. S. international scheduled ca17riers were developed 
from the August 1974 Official Airline Guide. August was chosen since this 
month represented the peak month of the year for passenger traffic. Data 
was collected for each city pair and included the available seat-miles, 
departures, and aircraft types. Based upon the CAB's Uniform Systems of 
Accounts - Part 241, the U. S., international market excludes operations to 
Hawaii and Alaska as well as all Canadian transborder services. 
4.2.1 Available Seat-Miles 
The available seat-miles determined for this market during August 1974 were 
adjusted to an annual basis using the CAB's Seasonally Adjusted Data Report 
for the scheduled international trunks. The August ASM's represented 9.6 
percent of the annual 1974 available seat-miles. Therefore, the U.S. 
international scheduled carriers generated over 63 billion ASM's in 1974. 
This total was verified by annual data reported by the airlines and published 
by the CAB. The actual 1974 available seat-miles were adjusted by aircraft 
type to reflect the average seating density for that aircraft type in U.S • 
international service. The average number of seats for each aircraft in 
1974 were determined from the CAB data published on the international carriers 
in the Aircraft Operating Cost and Performance Report, July 1975. 
Use of the average aircraft seating configurations increased the 1974 ASM's to 
65 pillion and decreased the actual 1974 load factor of 53 percent to 51.4 
percent. The effect of this decision was to dampen the ASM growth for the 
first several years of the forecast reflecting few new purchases of aircraft. 
In reality, the U.S. international airlines did not acquire much new equipment 
during 1975-1976. This decision also delayed the attainment of the goal load 
factor until 1980. A planning or goal load factor of 58 percent had been 
established based on Douglas estimates of an average load factor for the 
U.S. international scheduled carriers during the 1976-1990 study period. 
The actual available seat-miles generated during the forecast period varied 
fot each operating scenario and fleet studied. 
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4~2.2 Revenue Passenger-Miles 
The RPM demand of 33.4 billion in 1974 was determined using the actual load 
factor of 53 percent applied to the actual 1974 ASM's. Then the revenue 
passenger-miles were forecast from 1974 to 1990 using an average annual growth 
rate, of 4.6 percent. This growth rate represents Douglas' estimate of a 
realistic average over this period for the U.S. international scheduled 
carriers. Using this growth rate, the U.S. international RPM's grew from 
33.4 billion in 1974 to almost 69 billion by 1990, a 100 percent increase 
over the period (Figure 69). 
4.2.3 Stage Length Classes 
The market's operating statistics had to be condensed in order to facilitate 
computer computation of a large amount of data. Stage length classes were 
established that consolidated similar daily operational statistics by airport 
pairs and aircraft types into compatible groups. In selecting appropriate 
stage length classes, the distribution of the 1974 available seat-miles and 
departures with range.were compared as illustrated in Figure 70. 
Over 50 percent of the departures were on routes under 900 miles while only 
9 percent of the ASM's were generated on these routes. The B727-l00 fleet 
had the greatest number of departures per airplane type in this market during 
1974 with an average stage length of 387 statute miles. On the othe:r hand 
almost 57 percent of the ASM's were produced on routes longer than .3000 miles 
but with only 16 percent of the departures. As expected, the ASM's wel:e 
heavily concentrated at the longer stage lengths since seat-miles are a 
direct function of the flight mileage and the number of seats. The larger air-
craft types, namely the B747,were used primarily in the longer haul markets. 
The B747 fleet's average stage length in 1974 was 2324 statute miles. 
Therefore, as in the domestic market, the distribution of the departures as 
a function of range became the primary determinant in establishing the stage 
length classes. This selection was made in order to preserve the importance 
of the short to medium haul markets in the data. Table 66 shows the classes 
chosen and the percentage of departures and available seat-miles per class. 
The greatest mileage spread within a class was at the longer ranges. 
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TABLE 66 
STAGE LENGTH CLASSES 
ANNUAL (STATUTE MILES) DEPARTURES 
o - 99 4.3 
100 - 149 4.1 
ISO - 199 8.5 
200 - 249 5.8 
250 - 299 6.2 
300 - 399 5.6 
400 - 599 5.7 
600 - 699 51.4 
700 - 899 51.2 
900 - 1099 6.9 
1100 - 1299 3.6 
1300 - 1499 2.6 
1500 - 1599 5.7 
1600 - 1699 6.9 
1700 - 1999 2.5 
2000 - 2499 3.6 
2500 - 2999 1.3 
3000 - 3499 5.1 
3500 - 3999 6.2 
4000 - 4499 2.4 
4500 - 5445 2.4 
TOTAL 100.0 
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4.3 Airline Consultations 
Basic to this study was a review of the general fuel cost trends, the oper-
ational realism of various means of conserving fuel, and the anticipated 
growth in the market for the U.S. international scheduled carriers. To 
assure that this market study accurately reflected the actual operations of 
the carriers, three U.S. international airlines were contacted: Pan American 
World Airways, Trans World Airlines, and Northwest Airlines. The discussions 
centered around several general topics. 
o Experience on the airlin~'s network with operational variations, 
and the impact of drag reduction programs, interior modifications 
(increased seating density), as well as Aerosat on fuel savings. 
o Advanced technology developments that would most benefit U.S. 
international carriers. 
o The effect of speed reductions on international operations. 
o Future expectations with respect to jet fuel. supplies and prices 
at both domestic and foreign airports. Unique fuel problems 
related to the airline's system - operational and/or political. 
o Discussion of the international market and its characteristics 
including anticipated growth through 1990. 
4.3.1 Operational Variations and Air Traffic Control 
~ll three U.S. international carriers consulted are using some form of fuel 
~seage control data system including computerized flight planning to minimize 
fuel consumption on each flight, as well as fuel allocation models for all 
or critical airports on route. However, they all expressed th.e limitations 
they face in improv~ng fuel efficiency through operational variations. For 
example, flexibility with respect to seating configurations is constrained 
by lATA which in its rate making decisions defines aircraft pitch and 
capacity, though not mix. Also, the present air traffic control system does 
not permit the use of cruise climb procedures. 
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As! a result of the energy crisis, the airlines, particularly Northwest, have 
reemphasized maintaining their aircraft in terms of cleaning, washing, and 
repairing dents in order to minimize drag and be as fuel efficient as 
possible. Also, most international carriers are now flying minimum time 
tracks which account for winds and may cover more ground distance but result 
in less air distance and flight time, thereby, reducing fuel consumption. 
The biggest problem the airlines are facing in increasing fuel efficiency 
concerns the present air traffic control system. The pre-flight determination 
of the amount of fuel to load including reserves is more critical on some 
in~ernational routes than domestically due to the longer non-stop stage 
lengths flown. Another ATC problem is the limited number of lanes or airways 
available on international routes. The lanes become crowded as a function 
of time with saturation occurring at peak customer-choice hours. As this 
occurs, the airlines can no longer get to the desired altitude for a minimum 
fuel flight. Therefore, these carriers do see fuel conserving benefits 
occurring from an improved ATC system that provides for cruise climb pro-
cedures, decreased altitude separations, and linear holding rather than 
circling over an airport. 
The airlines w~re not really enthusiastic about Aerosat in improving their 
fuel efficienc:Les. They felt that its useage was too far in the future, and 
that the present Aerosat concepts were inadequately focused and hard to justify 
economically for use in commercial airline service. 
The impact of improved navigational aids on fue.l conservation was also 
discussed. Although improved systems including 4-D RNAV offer a significant 
potential for fuel savings, the airlines see limitations on their near-term 
use. For instance, 4-D RNAV cannot increase airport runway or gate capacity 
at the peak customer~choice hours which would reduce delays and fuel burned. 
Also, on-board comput~rs can benefit fuel useage in climb and descent by 
2-5 percent, but effective use of this equipment is also limited by the 
present ATC system. 
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4.3.2 Advanced Technology Developments 
In early 1976 when these discussions took place, the carriers were primarily 
interested in becoming as fuel efficient as possible with the aircraft they 
had available and were only casually interested in new advanced technology 
concepts for reducing fuel. However, as the sizeable fuel savings achievable 
with new designs are further documented, their interest will accelerate, 
especially as fuel prices continue to rise and airline profits improve. 
None of the airlines were enthusiastic about retrofitting their current air-
craft with advanced technologies., such as new engines, to conserve fuel. The 
payback period allowed by t~leir financial lenders fo,: d capital improvement 
is so short at present, 1-3 years, that in most cases it is uneconomic to 
retrofit. The airlines would rather replace old seats with newer more 
competitive equipment which incorporates adv:;lnced technologies in other areas, 
as well as offering substantial improvements l.n fuel efficiency. 
4.3.3 Reduced Cruise Speed 
The airlines were not against slowing down to conserve fuel, and in fact have 
been doing so since the energy crisis. They have found that a small change in 
Mach number (e.g., M 0.82 to M 0.80) did not change DOC's appreciably, nor 
did crew costs increase noticeably. 
Of the elements of airline direct operating costs, it is the crew, fuel, and 
maintenance costs that are related to flight time. Crew costs are no longer 
so heavily related to flight time since union contracts at present guarantee 
the number of hours the crew gets paid for a specific flight, regardless of 
whether the actual flight takes slightly more or less time to complete. 
Maintenance costs also are not 100 percent speed sensitive. At present they 
are possibly 15 percent related to speed, but this varies for each aircraft 
type. Maintenance costs for the new widebody aircraft are the least related 
to speed, and in fact, cyclic maintenance costs are the most important today 
due to the heavy use of on-condition maintenance procedures. With this 
method, maintenance items are checked against physical or chemical standards 
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and are not necessarily removed. TWA's L10ll airplanes, for example, are 
over 90 percent on-condition maintained. 
4.3.4 Fuel Supplies and Prices 
Fuel availability has not been a significant problem for the U.S. inter-
national carriers even during the energy crisis of late 1973. Rising fuel 
pr1ices are their principal concern, and they estimate the average system 
Plhce per gallon of fuel internationally to be near 70-75 cents by 1985. i Northwes t 's approach to increasing fuel prices has been to view fuel cos t 
as only one of the costs of operating an airline, and to strive for a minimum 
cost operation overall. 
The airlines apparently have not run into many political problems wfth 
respect to fuel supplies or prices at international airports. Northwest did 
me~tion that they had experienced problems with several foreign governments 
in the past but not regarding aircraft fuel. Instead these governments 
imposed frequency limitations on Northwest, forcing the airline into 
operating bigger aircraft in those international markets. 
4.3.5 U.S. International Market Growth 
Predictions on U.S. international traffic growth during these discussions in 
February 1976, were guardedly optimis tic. All the carriers forecasted growth 
in the market for 1976, and at the very least, continued moderate growth 
through 1990. They agreed that use of the Douglas average annual growth rate 
of 4.6 percent over the 1974-1990 forecast period was realistic for the 
purposes of this study. 
4.3.6 Summary 
All three airlines contacted were very interested in means to further reduce 
fuel consumption below what they've already achieved. As the economic 
condition of the country as well as of the airline industry has improved, the 
carriers continued to actively pursue new ways of conserving fuel, including 
the preliminary reviewing of new fuel conserving aircraft designs. They also 
see significant fuel savings accruing from an improved air traffic cont,rol 
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system, and recommend further study to determine just how large the benefits 
would be to the U.S. international carriers. Any study of this subject 
would also have to include an investigation of the costs that would be 
incurred in improving the system as well as the sharing of these benefits 
and costs with the U.S. domestic airlines. 
The importance of even small fuel savings to the airlines should not be 
underrated. For example, TWA expressed the fact that a 1/2 to 1 percent 
aavings in fuel annually on their B707 fleet could result in a $1 million 
cost savings per year. The impact of even a small percentage in fuel savings 
becomes very significant when viewed in this light. 
4.4 Aircraft Characteristics and Direct Operating Costs 
In the domestic study, the airline contractor adjusted the Douglas engineer-
ing and cost data in order to bring the idealized handbook block fuel and 
block time data, as well as the operating costs based on this data, up to 
realistic airline levels. As shown in Volume 1, Section 1, actual airline 
fuel use is approximately 30 percent higher than the calculated fuel burns 
using engineering handbook data. However, the study of aircraft designed 
for the international routes of the U.S. carriers was conducted independently 
by Douglas, without the assistance of an airline contractor. For this 
reason, and also because the international study included Boeing and Lockheed 
airplanes in addition to the 'Douglas airplanes, the block fuel, block time, 
and DOC characteristics for the study aircraft were derived from a statistical 
reduction of annual 1974 Civil Aeronautics Board (CAB) and August 1974 
Official Airline Guide (OAG) data. 
4.4.1 Baselin.e Aircraft in the International Market 
~assenger versions of Boeing, Lockheed, and Douglas turbofan commercial trans-
ports currently in the fleets of the U.S. international scheduled carriers 
~ere chosen as the baseline aircraft. These fleets included aircraft from 
the following families: DC-B, DC-9, DC-lO, LIOll, B707, B720, B727, and B747. 
~he actual baseline models and their characteristics are given in Table 67. 
i The general characteristics were based upon manufacturers' published data, 
while the seat densities were based on the average 1974 capacities reported 
by the airlines to the CAB. 
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TABLE 67 
BASELINE AIRCRAFT CHARACTERISTICS 
_. 
International Study Cruise Engines Design Study No. of TOGW OEW Mach (No., Type, Range Aircraft Seats (lb) (lb) Number TSLS/Eng (lb» (NM) 
IDC-8-50 148 300,000 132,000 .82 I" , JT3D-3B, 18,000 4180 
DC-8-62 164 350,000 145,000 
I .82 4, JT3D-3B, 18,000 5250 
iDC-9-30 97 108,000 57,900 .80 2" JT8D-7, 14,000 1660 I 
:DC-10-10/L1011 240 430,000 237,200 .85 3, CF6-6D, 40,100 3940 
IB707-100B 130 257,000 123,200 .82 4, JT3D-3B, 18,090 3720 ! 
:B707-300B 153 327,000 137,200 .82 4, JT3D-3B, 18,000 5550 
B707-300C 146 334,000 145,000 .82 4, JT3D-3B, 18,000 
:B720B 119 235,000 119,000 .B2 4, JT3D-3B, 18,000 
B727-100 107 169,000 88,500 .82 3, JTBD-7, 14,000 
B727-200 131 172,000 97,400 .84 3, JTBD-9, 14,500 
B747-100 368 735,000 364,000 .85 4'1 JT9D-7, 47,000 
Block time, block fuel, and DOC characteristics for the baseline aircraft 
were derived from operational statistics provided by the OAG and CAB. A 
5460 
3150 
2210 
1680 
4650 
I Douglas computer program which weights the OAG scheduled trip time statistics 
by frequency was used to provide operational block time versus range equations 
for each aircraft type. Another Douglas program which compiles the CAB 
statistics by equipment type, air carrier, service category, and service area 
was used to provide the weighted average range, as well as the fuel consump-
tion and DOC per trip at that range for each aircraft type. The reduced OAG 
and CAB data in combination provided the operational DOC and fuel consumption 
versus range equations used for each baseline aircraft under ~,tudy. 
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The operational block time, fuel, and cost equations generated by this 
technique are linear functions of range. They very closely approximate the 
functional form of data developed by engineering performance methods alld the 
ATA DOC method, but they more accurately represent actual airline operational 
experience. 
4.4.2 Derivative Aircraft Options 
Four derivative aircraft were studied for the future international market. 
The DC-lO·-lOD is a shortened twin-engine version of the DC-lO-lO with an 
all-new supercritical wing. The DC-lO-30Dl is a modification of the existing 
intercontinental range DC-lO-30.Relative to the DC-lO-lO, the DC-lO-30Dl 
has extended wing tips, center-loling fuel tanks, higher tht'ust engines, and 
general drag and weight reduction items. The DC-lO-30D2 involves a 30 foot 
fuselage stretch, winglets, and general drag and weight reduction programs. 
The, B747D also includes general drag and weight reduction~and has accom-
modations for 32 additional passengers on the upper deck. General character-
istics of the' derivative aircraft are given in Table 68. Additional data on 
the DC-lO-IOD aircraft option, winglets, as well as the general drag and 
weight reduction items studied can be found in Volume I. 
TABLE 68 
DERIVATIVE AIRCRAFT OPTION CHARACTERISTICS 
AIRCRAFT CHARACTERISTICS DC-lO-lOD DC-lO-30Dl DC-lO-30D2 B747D 
Number of Seats 199 252 327 400 
TOGW (lb) 283,000 555,000 572,000 738,000 
OEW (lb) 160,800 267,600 274,700 370,000 
Cruise Mach Number .82 .85 .85 .85 
Engines: Number 2 3 3 4 
Type CF6-50 CF6-50C CF6-50J "JT9D-7 
TSLS/Eng (lb) 46,600 51,000 54,000 47,000 
Design Range (NM) 3,050 5,470 4,710 4,900 
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A statistical analysis of the operational block time, fuel,Elnd DOC equations 
for th~ baseline aircraft showed a high correlation (r2 = 91 to 99 percent) 
between (1) the constants and slopes of these equations, and (2) either air-
craft design cruise Mach number or Operator's Empty Weight (OEW). Therefore, 
~n these bases, new block time equations were formulated for the derivative I 
~irplanes, and the non-fuel portions of their DOC equations were determined. 
" The derivative aircraft block fuel equations were then derived by adjusting 
the baseline aircraft fuel equations to reflect the derivative design changes. 
The resulting fuel costs were then added to the DOC equations to generate 
. total DOC cost equations at the two study fuel prices of 30 cents and 60 cents 
. per gallon. 
4.4.3 New Near-Term (1980) Aircraft 
~o intercontinental range families of new near-term aircraft were also 
studied. These airplanes were designeJ to NASA specifications and incor-
porated technology consistent with a 1980 introduction date. The airplanes 
designed in each N80 aircraft family were optimized for a specific parameter 
of either maximum fuel efficiency (minimum fuel burned) or minimum DOC at a 
fuel price of 30 cents or 60 cents per gallon. This resulted in six al1-
new aircraft options. Additionally, another two designs, one for each air-
craft family, were optimized for minimum DOC's with fuel at 15 cents per 
gallon, using trends established in the domestic N80 study. These airplanes 
were used as "benchmarks" in developing operational block time, fuel, and 
DOC equations for the six study aircraft. Table 69 presents the general 
characteristics of the study international N80 airplanes. A full description 
of the new near-term (1980) airc"t"aft, both domestic and international 
configurations, can be found in Section 5.0 of Volume I. 
Development of N80 Operational Block Time, Fuel, and DOC Equations - The 
block time equations used for the N80 aircraft were developed on the same 
bases as those for the derivative aircraft options. The maneuver time 
constants in the N80 operational block time equations were based on Operator's 
Empty Weight, while the slopes (l/velocity) were determined from the respective 
N80 design cruise Mach numbers. The operational block fuel equations were 
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, TABLE 69 
NEW NEAR-TERM (1980) AIRCRAFT CHARACTERI~IICS 
...... 
\C 
+:--
Optimization -
Characteristics Parameter 
Number of Seats 
TOGW (lb) 
OEW (lb) 
Cruise Mach Number 
Design Range (Nfol) 
Engines: Number 
Type 
TSLS/Eng (lb) 
-
DOC 30 
201 
375,100 
184,400 
0.82 
5,500 
4 
CF"M-56 
22,720 
NSO=2.55 - - --- -
DOC60 Block Fuel DOC30 
201 I 201 404 
367,500 386,900 704,700 
186,000 208,900 361,200 
, 
0.78 0.70 0.82 
5,500 5,500 5,500 
4 4 4 
CFM-56 CFM-56 CF6-6 
20,240 17,780 40,240 
~~-~:~ ~'E::':~:i1i!1'!!!:~':-\.~,t'" 
NBO-4 .55-- --- .. _---
DOC60 Block Fuel 
404 404 
701,400 747,600 
368,400 420,400 
0.79 0.70 
5,,500 5,500 
4 4 
-
CF6-6 CF6-6 
37,290 35,160 
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generated in two steps. First, the operational fuel equation constants for 
the "benchmark" DOC lS designs were obtained on the basis of DEW from the 
baseline aircraft data. Then adjustments were made for the fuel use 
diffE,rences between the "benchmark" DOClS aircraft and the other three 
airplanes in each family, using fuel use ratios based upon engineering 
design data. 
The non-fuel portions of the DOC equations for the six NBO airplanes were 
synthesized as functions of DEW based upon the statistical analysis conducted 
on the DOC's of the baselllle aircraft. Fuel costs were added into the DOC 
equations as functions of the two study fuel prices, 30 cents and 60 cents 
per gallon. 
4.5 Indirect Operating Costs 
Since IOC's are so heavily traffic, revenue, and airline related, the RECAT 
Study contractors and NASA agreed to use the updated 1969 Lockheed Committee 
IOC formula to calculate these costs for the U.S. do~estic study. This IOC 
method allows for the computation of comparable and compatible average 
indirect operating costs for each aircraft type studied. To be consistent 
with the domestic study, this formula, updated to estimate 1974 cost levels, 
was also used in the international study. However, the coefficients docu-
mented in the IOC equations on page 86 (Figure 36) were changed to reflect 
U.S. inte~national operations. 
The coefficients that were used to estimate 1974 cost levels were actually 
three year, moving averages of ~~ch IOC coefficient in the equations. The 
yearly coefficients that these movin.g averages represented had been developed 
by Lockheed to reasonably duplicate the combined IOC's of several U.S. inter-
national carriers when applied to the selected operating statistics in the 
equations. This combined roc data reflected the international lJystem roc 
expenses of the big three U.S. international scheduled carrier:;, (TW, NW, and 
PAA), as reported to the CAB for the years 1971, 1972, and 1973. Since the 
1971-1973 coefficients for each Lockheed cost category did not vary signi-
ficantly from year to year, nor from their respective three year, moving 
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averages, it was assumed that the 1974 coefficients yet to be determined 
would be reasonably close to the averages. This assumption seemed reasonable 
for the purposes of estimating comparable 1974 IOC's for the competitive 
aircraft options under study. 
Additional assumptions used in c.alculating the IOC's for each aircraft type 
are given in Figure 71. Further discussion of indirect operating costs in 
general as well as of the Lockheed Committee IOC Formula can be found in 
Section 2.6. 
4.6 Total Operating Revenue 
TIle operating revenue generated from scheduled passenger services had to be 
determined in order to carry out the objective criterion of maximizing the 
operating profit for each fleet forecast. For this study operating profit 
was defined as total operating revenue less total operating costs. This 
operating profit excludes interest and tax charges and, therefore, shows 
the actual economic viability of the total fleet forecast before financing 
costs and ta~es. Total operating 'revenue included revenue from scheduled 
passenger services including cargo carried on passenger flights. 
4.6.1 Pa<:lsenger R.evenue 
The revenue generated by a particular fleet of aircraft over the forecast 
period 1974-1990 was based upon the airline revenue data documented in 
"Airline Industry Data - U.S. Trunkline Carriers and Pan American," June 5, 
1975 and shown in Table 70. This report is issued by the McDonnell Douglas 
Finance Corporation and details the operating and financial statistics of 
the U.S. airlines by carrier as well as operations area. The source of this 
data is primarily fron the CAB's Form 41 Reports. 
The 1974 passenger revenue for each operating area of the U.S. carriers 
serving the international market was divided by its respective 1974 revenue 
passenger-miles to determine the various average yields per RPM in 1974. 
These yields were then multiplied by the corresponding 1974 average stage 
lengths for each airline's operating areas to establish the average revenues 
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o UPDATED LOCKHEED IOC COEFFICIENTS FOR THREE MAJOR U • .S. INTHRNATIONAL 
CARRIERS (REPORT NO. COA/1277, JUNE 1974) 
o LOAD FACTOR 58 PERCENT 
o FREIGHT CARRIED BASED ON UAL EXPERIENCED TONNAGE BY AIRCRAFT 
TYPE 
o CARGO REVENUE - 3 PERCENT OF TOTAL REVENUE GENERATED BY 
SCHEDULED PASSENGER SERVICE 
o CARGO TONNAGE AND CABIN ATTENDANTS ASSUMED BY AIRCRAFT TYPE 
CABIN CARGO 
ATTENDANTS TONS 
DC~8/B707/B720B* 6 .78 ) 
DC ... 9-30 3 .46 
8727-100 4 .50 
B727~200 . 4 .68 
DC-lO/L10n 10 2.60 
DC-10-10D 8 2.60 
DC-lO-30M 10 2.60 
DC-lO-30D 12 2.60 
B7'47-100/B 74 7D 12 3.50 
N80-2.SS FAMILY 8 1. 70 
N80-4.S5 FAMILY 12 3.50 
o IOCs NOT EXPECTED TO VARY WITH FUEL PRICE INCREASES 
*INCLUDES DC-8-S0, DC-8-62, B707-100, B707-300B, B707-300C, B720B 
Figure 71. INDIRECT OPERATING COST ASSUMPTIONS - 1974 DOLLARS 
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TABLE 70 
1974 IN'l'ERNA'l'IJtNAL REVENUE BY AIRLINE 
Airliue - Psgr. Revenue* RPM's* . Avg. Yield Avg. Stage 
Operating Area ($ Millions) (Millions) ¢/RPM Length* 
(St .M!.) 
AA 128.6 2304.5 .0558 1246 
BN 102.7 1378.2 .0745 1085 
EA 235.7 3710.2 .0635 709 
NA 17.3 288.9 .0599 4406 
NW 140.5 2394.0 .0587 2237 
PAA-ATL 497.2 7178.2 .0693 1024 
PAA-LAT 258.7 3945.3 .0656 1145 
PAA-PAC 222.9 3500.7 .0637 2501 
TW 444.6 7382.7 .0602 2193 
WA 34.9 555.4 .0628 1561 
L. ____ ~ ___ .. _. ____ ~ ___ . __ 
*Source: "Air1ine Industry Data - U.S. Trunk1ine Carriers and Pan American," 
McDonnell Douglas Finance Corporation, Report C1-}IDFC-JFM-66, June-S, 1975. 
Avg. Revenue 
Per Psgr. 
($) 
69.53 
80.83 
45.02 
263.92 
131.31 
70.96 i I 
75.11 I 
159.31 
132.02 
98.03 
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per passenger in 1974. These data points, also given in Table 70, were 
plotted along with several TW yields in specific markets and weighted sub-
jectively by the relative RPM's involved. Three linear average passenger 
revenue versus range classes were constructed from the plotted data as shown 
in Figure 72. The passenger revenues produced by each fleet forecast in 
this U.S. international market study were then calculated using the three 
range-class equations given in Table 71. 
TABLE 71 
1974 PASSENGER REVENUE VS. STAGE LENGTH EQUATIONS 
Stage Length Averag~ Revel:"J~ 
Class No. Increment (St.Mi.) (~j/TriE/Pssr) 
1 ~900 12.00 + .05667 x Range 
2 >900 <2000 16.36 + .05182 x Range 
3 >2000 
-3.00 + .06150 x Range 
4.;6.2 Cargo Revenue 
Revenue produced from cargo operations conducted on scheduled passenger 
flights was based upon a system estimate of the relationship between cargo 
revenue and passenger revenue on these flights. This relationship was 
provided by United Airlines and was used in the Domestic RECAT Study as well. 
It estimated cargo revenue a.t 3 percent of the total passenger revenue. 
4.7 Development of Fleet Forecasts 
4.7.1 Baseline Operating Scel1:;!rios (1974-1990) 
A baseline scenario (No.1, Tables 72 and 73) was developed to reflect the 
airline environment in which the U.S. international carriers operated during 
1~74. This scenario included 1974 operating procedures, a constant dollar 
fuel price of 30 cents per gallon, 1974 derived passenger yields (Section 
4.6.1, Table 71), a goal load factor of 58 percent, and 1974 frequencies as 
a minimum. No maximum frequency levels were established for this preliminary 
international market study. Also, the availability of fuel was unlimited 
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FIGURE 72. 1974 U.S. INTERNATIONAL REVENUE DEVELOPMENT 
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Scenario 
No. 
1 
2 
3 
4 
FLEET 
INVENTORY OPTIONS 
New 
Exist Deriv. Near 
Alc AIC Term 
X 
X X 
X S 
X S X 
~ I Ii , 
i 
" ;, 
r 
, 
5 X 
6 X X 
7 X S 
8 X S X 
9 X S X 
10 X S S 
• 
11 X S X 
-
-----------
~--.-- ._----
S = Selected Options 
--.~~~ _. l"-".....".~-- ____ -.~_~_, -,. 
TABLE 72 
DEVELOPMENT OF FLEET FORECASTS - RUN SCHEDULE 
OBJECTIVE - MAXIMIZE AIRLINE PROFIT 
FUEL I 
LOAD FACTOR AVAILABILITY FUEL PRICE 
Scenario Description 
Inc. Inc. 
Goal L.F. No 1974 Price 
5B% 70% Limit Level 30¢ 60¢ 
X X X Baseline 30¢ 
X X X Screen derivatives 30¢ 
X X X Selected derivatives 30¢ 
X X X Screen selected derivatives 
wit:h NBO' s 30¢ 
X X X Baseline 60¢ 
X X X Screen derivatives 60¢ 
X X X Selected derivatives 60¢ 
X X X Screen selected derivatives 
with NBO's 60¢ 
X X X Screen derivatives, NBO's 
@ 70% L. F " 60¢ 
X X X Selected derivatives +NBO's 
@ 70% L.F., 60¢ 
X X X Screen selected derivatives 
'-.!...~. 
with NBO's @ 70% L.F. w/fuel 
constraints, 60¢ 
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TABLE ?-3 
AIRCRAFT TYPES OFFERED IN EACH U.S. INTERNATIONAL SCENARIO 
Scenarios 
r----l 
AIRCRAFT T-YPE 1 2 3 4 5 6 7 B 9 
Fuel Price • 30¢ • • 60c 
DC-8* X X X X X X X X X 
DC-B-62 X X X X X X X X X 
DC-9-30 X X X X X X X X X 
DC-lO / LIOn X x X X X X X X X 
B707-300B X X X X X X X X X 
B707-300C X X X X X X X X X 
B727-100 X X X X X X X X X 
B727-200 X X X X X X X X X 
-
B747 X X X X X X X X X 
DC-lO-IOD X X X X X X X 
------------ -
DC-lO-30M X X X 
--------..-...----- .. - -- f---- ------
DC-I0-30D X X X X X X X 
I 
B747D X X X 
~~~:-? 5530 X X X 
NBO-2.5560 X X X 
NBO-2.55MF X X X 
NBO-4.5530 X X X 
N8_0-4. 5560 X X X 
--NBO-4.55MF 
, I X x X 
TOTAL NUMBER 0 to 
-
AIRCRAFT TYPES 9 13 n 17 9 13 11 17 19 
---------------- ---- - ... ---- '- -----~~ -
* Includes DC-8-50, B707-100, B720B 
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i. 
throughout the study period, 1974-1990. Only the existing aircraft types in 
this market still in production in 1974 were available for purchase to meet 
subsequent aircraft demand through 1990. This first baseline scenario, based 
on the assumed average annual RPM growth rate of 4.6 percent, establishes an 
upper limit on fuel demand for the u.s. international carriers during the 
period 1974-1990. It represents the highest fuel consumption case since fuel 
availability was unlimited and no fuel conserving aircraft options were 
allowed to serve the market. 
An additional baseline scenario (No.5) reflected the same operating environ-
m~nt as the first scenario except that the fuel price was 60 cents per gallon. 
The fleet forecast results from both these baseline scenarios were used as 
the reference cases against which the results achieved under the alternative 
operating scenarios discussed in Section 4.7.2 were measured. 
4.7.2 Alternative Operating Scenarios 
Nine alternative scenarios were developed in which the operational constraints 
in the baseline scenarios were varied during the 1974-1990 forecast period. 
These changes involved fuel availability, load factor, as well as the different 
offerings of aircraft options as shown in Table 72. The effects of these 
changes on both fuel savings and fleet requirements as well as other operating 
statistics were then assessed. In each of these scenarios, subsequent air-
craft needs were met not only with additional numbers of existing 1974 air-
craft types, but also with the fuel conserving options under study. These 
aircraft options described in Section 4.4 included four derivatives of 
airplane types already existing in the international market as well as six 
all-new 1980 technology designs. The different offerings of aircraft options 
available for selection by the market in each scenario are given in Table 73. 
It should be noted that in each scenario the existing aircraft in the fleet 
that were still in production in 1974 were always offered to the market along 
with the different offerings of'fuel conserving aircraft options. 
Scenarios With Fuel at 30 Cents per Gallon - Three scenarios (Nos. 2-4) were 
used to screen and select the most promising fuel conserving aircraft options 
assuming a fuel price of 30 cents per gallon. These scenarios were identical 
to the baseline scenario with fuel at 30 cents per gallon except in the offerings 
of airplane types to meet subsequent aircraft demand through 1990. First, all 
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four derivatives of aircraft currently in the U.S. international fleet were 
offered to the market. Next, only those derivatives selected as viable options 
in the previous scenario were available in the market. Lastly, the selected 
de:rivatives and the six all-new N80 airplanes were offered in the market. 
Scenarios With Fuel at 60 Cents Per Gallon - An additional six scenarios 
(Nos. 6-11) were developed to further screen the potentially viable aircraft 
options. The first three scenarios (Nos. 6-8) were essentially the same as 
the $econ~ baseline scenario which had a fuel price of 60 cents per gallon. 
However, the offerings of aircraft types through 1990 were varied for each 
scenario as they had been in the 30 cents scenarios. First, the four deriva-
tive airplane types were offered to the market. Then, in the next scenario, 
only the selected options from the original group of four derivatives were 
available for purchase, and finally, in the third scenario the selected 
derivatives competed with the six new near-term 1980 airplanes. Using these 
three scenarios, the aircraft options selected and the number of each type 
needed in the fleet for each scenario with fuel at 60 cents per gallon 
were compared with those options selected and the numbers required when 
fuel was at 30 cents per gallon. 
The next three scenarios (Nos. 9-11) with fuel at 60 cents per gallon measured 
the impact of an increased goal load factor of 70 percent as well as fuel 
constraints on the fleet selection (size and mix) as well as fuel savings and 
RPM demand. Since the U.S. international airlines were already paying around 
30 cents per gallon for fuel in 1974, it seemed more appropriate to test the 
impact of varying these operational constraints under an airline environment 
where fuel was higher than 30 cents per gallon. At a higher fuel price, 
operational alternatives such as increased load factors and the optimized use 
of allotted fuel supplies become more attractive. 
Therefore, in the ninth scenario the goal load factor of 58 p.ercent was 
changed to 70 percent, and all teil aircraft options, (four derivatives plus 
six N80's), were offered to the mlrket. In the next scenario, only the 
selected aircraft options from the preceding scenario were available to meet 
subsequent aircraft demand. In the last case, a fuel supply equivalent to 
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toe total fuel burned by the U.S. international fleet in 1974 was allotted to 
the market each year through 1990. Also the previously s~lected derivative 
options were offered to the market along with the six all-i1~.w N80 airplanes. 
4.8 Results of Fleet Forecasts 
Toe fleet forecast results for this U.S. international '.narket study have been 
documented for the years 1976-1990. However, the revenue passenger-miles and 
the fleet size and mix under each scenario were actually forecasted from 1974-
1990. This was done in order to focus on the future fuel savings and profit 
improvements possible with the use of the most promising fuel conserving air-
craft options in the fleets. The results of the st~dy will not be changed in 
any way since both 1974 and 1975 represent past history, and the actual 1974 
operational data for this market was used in the study as the base year. 
4~8.l Revenue Passenger-Miles 
The fleets required for each scenario throughout the forecast period performed 
all the forecasted revenue passenger-miles froIn 1974-1990 with the exception 
of the fleet selected under the fuel constrained environment. In 1990 only 
78 percent of the potential RPM's were flown under this scenario, and over the 
1976-1990 time period only 88 percent of the RPM's were performed. 
4.8.2 Fleet Sizes 
The required fleet size for each scenario by selected yaars are given in 
Table 74. Each fleet is composed of a different number and mix of aircraft 
types, but the total fleet size under each scenario does not vary sub-
stantially. The 1980 fleet size for the U.S. international carriers was 
estimated at 260-265 aircraft, an increase from 230 airplanes in the fleet 
in 1974. By 1990 the required fleet grew to 320-330 airplanes. 
The number of airplanes needed in the fleet when the goal load factor was 
increased to 70 percent was less than that with a load factor of 58 percent. 
The number of aircraft demanded in 1990 with a goal load factor of 70 percent 
was 287 versus 321 with a 58 percent load factor. Also the fleet size 
required under a fuel constrained scenario was considerably smaller, 226 air-
planes in 1990, due to the lack of ability to perform all the RPM demand 
within the allocated fuel levels. 
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TABLE 74 
U.S. INTERNATIONAL FLEET SIZES BY YEAR 
I .. " .. .., 
Scenario Description 
& Fuel Price (¢/Gal) 1976 1980 1985 1990 
Baseline @ 30¢ 241 269 336 388 
All Derivatives @ 30¢ 241 261 289 334 
Selected Derivatives @ 30¢ 241 261 291 328 
Selected Derivatives, N80's @ 30¢ 241 258 288 322 
Baseline @ 60¢ 240 269 331 364 
All Derivatives @ 60¢ 240 263 287 325 
Selected Derivatives @ 60¢ 240 263 284 328 
Selected Derivatives, NeO's @ 60C 240 261 285 321 
N80s* + 70% L.F. @ 60¢ 240 261 263 287 
N80s* + 70% L.F. + Fuel Alloc. @ 60¢ 230 230 227 226 
*N80's = Derivatives + NaO's 
4.8.3 Selected Aircraft Options 
Although the types and numbers of each airplane requir.~d in each scenario 
va~ied, certain aircraft options were selected in sufficient quantity by the 
market in almost every scenario as shown in Table 75. Out of the ten airplanes 
studied, two were selected as the most promising for fuel conservation, as 
well as being the most economically and operationally viable under the two 
fuel environments examined. 
Initially, the four derivative aircraft options were offered to the market 
along with the existing baseline airplanes. Two derivatives, the DC-lO-lOD 
and the DC-lO-30D2 were selected at both fuel prices and under bQth fuel 
environments. The DC-lO-lOD is a shortened DC-lO-lO configured for 199 seats, 
while the DC-lO-30D2 is a stretched DC-lO-30 with 327 seats. In the next 
scenarios, when these selected derivatives and all six study N80's were 
available to meet subsequent aircraft demand, the derivatives were still very 
viable in the U.S. international market. 
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TABLE 75 
MOST PROMISING AIRCRAFT OPTIONS FOR FUEL CONSERVATION 
U.S. INTERNATIONAL MARKET 
~umber of 
Study Options 
4 Derivatives 
6 New Near-Term 
Unconstrained 
Fuel Environment 
DC-lO-lOD 
DC-lO-30Dl 
DC-lO-30D2 
B747D 
r:--- - - - -., 
: : NSO-2.5530 i L
, 
______ -_ .... 
r-:--- - - ---, 
: < NSO-2.5560 : L. ________ J 
NSO-2.55MF 
,--------, 
: NSO-4.5530 : L. ________ ..J 
NSO-4.5S60 
NSO-4.S5MF 
~ ____ ~I = Selected Viable Opt-ions 
.----, 
• • = Selected Nonviable Options .... ___ .J 
Constrained 
'uel Environment 
I DC-lO-lOD 
I 
DC-lO-30Dl 
DC-lO-30D2 
B747D 
NSO-2.5530 
NSO-2.5560 
,----------, 
: NSO-2.55MF : L ________ J 
NSO-4.5530 
NSO-4.5560 
NSO-4.55MF 
Four of the six NSO airplanes were selected in the various scenarios, but no 
all-new aircraft was really v:i.able nor flexible enough to be desired in a 
scenario other than the ones that matched its particular design character-
istics. For instance, the NSO-2.5530 and NSO-4.5530 airplanes were chosen 
only in the scenarios where fuel price was 30 cents per gallon. The 
NSO-2.5560 was selected in the scenarios with fuel at 60 cents per gallon 
regardless of load factor, and the N80-2.55MF option was chosen only under 
the fuel constrained scenario. The NSO-4.5560 and NSO-4.55MF airplanes were 
not utilized in any scenario due to their higher operating costs and larger 
than needed seating capacity. 
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Table 76 shows the potential U.S. international market demand for each of 
the six selected options. As can be seen, both derivative options achieved 
feasible market sizes, while no selected NBO aircraft was heavily demanded 
by the market under any of the simulated airline environments studied. This 
fact becomes more apparent in the fuel burn results in Section 4.B.5. It 
should be noted that the potential market sizes given in the table do !lot 
include the demand from foreign carriers for these selected aircraft options. 
TABLE 76 
POTENTIAL MARKET SIZES 
(1990) 
Selected Aircraft Options 
Derivatives 
DC-IO-lOP 
DC-lO-30D2 
New Near-Term Aircraft 
NBO-·2.:; 5 30 
NBO-2.55 60 
NBO-2.55MF 
NBO-4.55 30 
4.B.4 Profit Improvement 
U.S. International 
Aircraft Market 
50 
60 
15 
14 
21 
22 
The Performance Evaluation Technique was used to determine the best fleet-mix 
by year from 1974-1990 for each operating scenario. It selected from the 
airplanes offered to the market in that particular scenario those aircraft 
types and numbers that best satisfied the traffic demand as well as met the 
study evaluation criterion of maximizing airline profits. In compa~ing the 
viability of the aircraft options, the profit achieved by each fleet due to 
the addition of selected aircraft options was compared to the profit generated 
by the baseline fleet fore~asts at fuel prices of 30 cents and 60 cents per 
gallon respectively, as shown in Table 77. 
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TABLE 77 
COMPARATIVE FLEET FORECAST PROFIT RESULTS ($ Per RPM) 
Cumulative Profit 
Scenario Description Improvement (Percent) 
& Fuel Price (¢/Gal) 1976-1990 19BO-1990 
Reilative to Baseline Scenario with Fuel at 30¢ Per Gallon 
Selected Derivatives @ 30¢ 5.6 6.B 
Selected Derivatives, NBO's @ 30¢ 7.0 B.5 
Relative to Baseline Scenario with Fuel at 60¢ Per Gallon 
Selected Derivatives @ 60¢ 33.4 .35.2 
Selected Derivatives, N80's @ 60¢ 3B.5 40.5 
NBO's* + 70% L.F. @ 60¢ 147.3 154.9 
Relative to NBO's* Scenario~ 70% L. F. ~ with Fuel at 60¢ Per Gallon 
NBO's* + 70% L.F. + Fuel Alloc. @ 60¢ 3.6 5.9 
*NBO's = Derivatives + NBO's 
Profits in the simulated airline environments were improved significantly 
based upon the optimum fleet-mix of aircraft options selected for that 
scenario. Since the selected airplanes were not introduced until 19BO, the 
cumulative results during 19BO-1990 were more representative of the profit 
improvement that could be expected from the study airplanes. 
When the two selected derivative options were added into the baseline fleet, 
profits increased by almost 7 percent when fuel was at 30 cents per gallon 
and by 35 percent at 60 cents per gallon. In the higher fuel price environ-
ment, the fuel conserving derivative aircraft types become more viable, 
increasing overall fleet profitability. However, the profit generated by the 
baseline 60 cents fleet was only 30 percent of that achieved with the base-
line fleet with fuel at 30 cents per gallon. This was because the fares were 
not raised above the 1974 levels. Realistically, fares would have to be 
increased if the price of fuel was 60 cent~ per gallon. 
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The addition of the selected N80 options to the fleet of baseline airplanes 
and selected derivatives did increase profits above those achieved with only 
the selected derivatives included in the fleet. However, as can be seen in 
the table, the additional profit at the same 1974 fare levels from the selected 
N80's was not substantial. The fleet forecast with a higher 70 percent load 
factor and a fuel price of 60 cents per gallon significantly increased airline 
profits to within 70 percent of those achieved with the 30 cents N80 scenario 
at the study load factor of 58 percent. 
The selected N80 fleet forecast based upon a limited fuel environment with 
fuel at 60 cents per gallon and a 70 percent goal load factor, improved profit 
per RPM by 6 percent during 1980-1990 over the N80 fleet selected under the 
same operational environment but with no fuel constraints. However, since 
this fleet did not perform all the forecasted RPM demand, actual dollar 
system profit was lower than it was for the unconstrained fuel fleet. 
4 .. 8.5 Fuel Consumption and Savings 
The fuel conserving fleet forecasts were develop~d to represent the U.S. 
international air transportation system in both an unlimited as well as a 
restricted fuel environment. Fuel supplies were constrained to the 1974 
levels through 1990 in the fuel restricted scenario. This allocation level 
by 1990 provided only 58 percent of the fuel required by a mixed fleet of 
selected options (baseline airplanes, derivatives, and N80's) in an un-
constrained fuel environment that year. The resulting fuel requirements for 
each fleet forecast were evaluated to define reasonable bounds around the 
potential jet fuel demand in this market from 1976-1990. 
The fuel consumed by the fleet forecasted under each scenario is given in 
Table 78. For comparison purposes, four time periods are shown: annually 
for 1980 and 1990, as well as cumulatively for 1976-1990 and 1980-1990. The 
cumulative time period, 1980-1990, was included since the majority of the 
aircraft options were introduced to the market in 1980. The fuel savings 
over this period more realistically represented the actual fuel savings 
that would be achieved through the use of the selected study options. 
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TABLE 78 
COMPARAT E FUEL CO SUMPTION (Millions of Tons) 
Scenario D cription Cumu1a ive 
Ell Fu 1 Pr'c (¢/Ga1) 1980 990 1976-1990 1980-1990 
Ba eline @ 30¢ 5 . 770 9.017 101.097 79 . 26 7 
All D rivatives @ 30¢ 5 .723 8.0 2 96 . 699 74 . 869 
S 1ected D rivatives @ 30¢ 5 . 723 8.044 96 .534 74 .704 
S 1ect d D riva tives and 5 .714 8.031 96 .560 74 . 730 
80 ' 5 @ 30¢ 
Sa e1in @ 60¢ 5 .77 9.005 101.086 79 . 2 9 
All Deriv t ' v' s 60¢ 5.733 8.043 96 .648 74 .801 
S 1ected D -: ivativ 60¢ 5.733 8.03 96 .510 74 .66 3 
Se1 cted D r'vativ 5 and 5 . 723 7.971 96.108 74 . 261 
80's @ O¢ 
80's* 70% L.F. @ 60¢ 5 . 723 6 . 5 86 .573 64 .726 
80 ' s* 70% L. F. Fuel . 980 5 .042 75 .033 54 . 865 
Alloc . @ O¢ 
* 80' s = D riv t'v 5 + 80 ' s 
As expected , th b 5 ine sc narios with fuel prices of 30 c nts and 60 c n 5 
p r gallon and fleets cons ist n of only b se1ine aircr ft typ hrough 19 0 
dem nded the mos j t tue1 , 101.1 million ton, over the 5 udy p riod, 1976-
1990 . The owe t fuel cons umption 6 . 6 mi llion ons wa achieved by th 
mixed f1 e of e1ec ed der'va ves and n w n -term 'rcraft p orm ' ng at 
a 70 p r cen load factor 'n non- u 1 constr i n d rio. In a stat 'c air-
lin nvironm nt, the diff renc in fuel burned with th higher goal 1 ad factor 
was 18 p r cent or 1 . 4 m'11ion t ons 1 55 in 1990 a10n 
he pot n ' 1 fo r u 1 sav n 5 wi h ch succe ding fIe or c st b s d up n 
differ nt off .• in of a rcraft options und r both ue1 wn 
n Tab1 79 or t h 1976-1 90 or ca pe od 9 D- w 1 
i n th y r 19 O. Th resu1 s 0 t he 0 c nt tiC d 
gain t ho of he ba e1 ne sc nar 0 n lIon, 
whil th u1ts 0 th 60 c nt sc n rio w r c mpar ho r 
th bas l'n scenar'o w th fuel aL 60 c n s p r gall n. Th c ns um d b 
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the fuel constrained fleet during these time periods were compared with those 
achieved from a mixed fleet of selected options with a 70 percent goal load 
factor, and no fuel constraints. This comparison was made on the basis of 
pounds of fuel burned per RPM since the fuel constrained scenario did not 
perform all the RPM demand. 
TABLE 79 
COMPARATIVE FUEL SAVINGS PER RPM (PERCENT) 
Scenario Description Annual Cumulative 
& Fuel Price (¢/Ga1) 1990 1976-1990 1980-1990 
Relative to Baseline Scenario with Fuel at 30¢ Per Gallon 
Selected Derivatives @ 30¢ 10.B 4.5 5.8 
Selected Derivatives and N80's @ 30¢ 10.9 4.5 5.7 
Relative to Baseline Scenario with Fuel at 60¢ Per Gallon 
Selected Derivatives @ 60¢ 10.8 4.5 5.8 
Selected Derivatives and N80's @ 60¢ 11.5 4.9 6.3 
NBO's + 70% L.F. @ 60¢ 27.1 14.4 lB.3 
Relative to N80's Scenario! 70% L.F' l with Fuel at 60¢ Per Gallon 
NBO's* + 70% L.F. + Fuel Alloc. @ 60¢ I 1.3 1.6 2.9 
*NBO's = Derivatives and N80's 
When the selected derivative options were added to the fleet of existing air-
planes, at either study fuel price, fuel savings improved substantially to 
almost 6 percent during 1980-1990 and almost 11 percent in 1990 alone, or a 
savings of over 4.6 million tons from 1980-1990. Fuel savings did not 
improve significantly with the addition of the selected new near-term options 
(N80's), as can be seen in the table. 
When the goal load factor was increased from 58 percent to 70 percent in 
19BO, the fuel savings achieved with a market selected fleet of derivatives 
plus NBO's at a fuel price of 60 cents per gallon were substantial. Fuel 
savings of 13 percent during 19BO-1990 and 17 percent during 1990 alone were 
obtained above those savings already provided by the mixed fleet selected at 
the same fuel price but with the study load factor of 58 percent; 'again 
showing the strong impact of higher load factors on fuel efficiency. 
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aesults for the fleet forecast under a fuel allocated environment and a 70 
percent load factor were very similar to those for the unconstrained fuel 
scenario at the same load factor. The fuel constrained fleet obtained 
savings of 16 percent during 1976-1990 and 21 percent during 1980-1990 over 
the baseline 60 cent scenario. These percentages are slightly higher, 
2.9 percent in 1980-1990 and 1.6 percent during 1976-1990, than for the 
unconstrained fuel scenario due to the higher fuel efficiency produced by 
the fuel constrained fleet. 
4.9 Conclusions 
From this study, the most important conclusions that can be drawn about the 
relative importance of each of the fuel saving options in reducing the fuel 
consumption of the U.S. international scheduled carriers during 1974-1990 are: 
o Substantial fuel savings could be obtained operationally through 
the development and implementation of an improved ATC system. 
o Higher load factors would improve fuel efficiency substantially in 
a static airline environment. 
o Derivatives of current airplanes, sized to meet the future needs of 
the U.S. international market, would offer significant fuel savings as 
well as improved economics over the current baseline aircraft. 
o A 400-seat aircraft would be too big for the revenue passenger mile 
growth (4.6 percent per year) forecasted in the study market through 
at least 1985. 
o The all-new (1980) international aircraft did not offer the potential 
for fuel savings that the domestic N80 l s did d~~ing the same study 
period. 
o Therefore, the derivative aircraft were the most promising options for 
the U.S. international market in terms of fuel conservation as well 
as economic viability through 1990. 
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SECTION 5.0 
TURBOPROP ECONOMICS 
As part of the RECAT follow-on study, tMO short/medium range turboprop configu-
rations were designed to take advantage of recent advances in turboprop 
technology. These DC-9/B-737 type replacement aircraft were then operationally 
and economically compared with current or modified turbofan airplanes. 
The two turboprop designs used the basic DC-9-30 fuselage configured for 92 
seats. This seating capacity was consistent with the technical groundrule of 
a 10/90 split between first class and coach seats used in the domestic RECAT 
study. One turboprop (designated the DC-9-30D5) retained the conventional 
wing on the baseline DC-9-30 while the other (designated the DC-9-30D6) 
incorporated a supercritical wing. The DC-9-30D5 was compared with the base-
line DC···9-30 turbofan while the DC-9-30D6 was compared to a DC-9-30 with a 
supercritical wing, designated the DC-9-30D4. The performance capabilities 
of both the turboprops and turbofans are documented in Section 6.0 of 
Volume I, Technical Analysis. 
5.1 Aircraft Pricing 
In order to realistically evaluate the economic viability of the turboprops, 
consistent aircraft prices and operating costs had to be developed. All 
aircraft prices were estimated in 1976 dollars, and then deescalated at 
5 percent per year to 1973 dollars. 
5.1.1 Airframe Prices 
The 1976 airframe price for the baseline DC-9-30 was used for all the study 
airplanes since all four aircraft were designed for the same operating-payload 
capacity and their configurations differed only in powerplant type and 
arrangement and in wing planform geometry. Also the small differences in 
airframe cost weights, ± 2 percent, did not justify any differences in 
airframe cost. 
5.1.2 Engine Prices 
The price of the JTBD-ll engine used on both turbofans were derived from the 
engine manufacturer's estimate of the 1976 price. For the turboprop airplanes, 
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Hamilton-Standard provided estimates of the propfan and gearbox in 1976 dollars. 
These estimates were based on a market size of 400 aircraft over u five year 
period. They also estimated that the p:t'ice of the Pratt & Whitney STS-476 
engine would be about 86 percent of the price of the advanced technology ten-
ton engine, the JT10D-2, in 1976 dollars. Therefore, the total turboshaft 
engine package in 1973 dollars was priced at $1.86 million. 
5.1.3 Comparative Aircraft Prices 
Based on these assumptions, the total aircraft prices were developed and are 
given in Table 80. The turboprop airplanes have a total flyaway cost esti-
mated to be 12 percent higher than for the turbofan aircraft. 
frice Components 
Airframe 
Engines 
Gearboxes & Propfans 
Total Aircraft Price 
TABLE 80 
COMPARATIVE AIRCRAFT PRICES 
(Millions of 1973 Dollars) 
DC-9-30 DC-9-30D4 
Baseline Turbofan-SCW 
$4.48 $4.48 
1.20 1.20 
-- --
$5.68 $5.68 
5.2 Direct Operating Costs 
DC-9-30D5 DC-9-30D6 
Prop fan Propfan-SCW 
$4.48 $4.48 
1.47 1.47 
.39 .39 
$6.34 $6.34 
The direct operating costs for the four study airplanes were calculated using 
the 1967 ATA DOC method updated to 1973 cost levels. This procedure was also 
used in the domestic RECAT study and allows a reasonable and consistent 
economic comparison of various aircraft types. The assumptions used in 
determining DOC's are listed in Figure 73. These assumptions were the same 
for both the turbofan and turboprop aircraft. Possible maintenance expense 
benefits with the /:ur'boprop aircraft from reductions in the maintenance of 
brakes, tires, and wheels had not yet been documented. Also, possible turbo-
prop gearbox maintenance cost penalties have not been determined. Therefore, 
the maintenance equations given in Section 2.5, Page 39, were used for both 
aircraft types. 
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o MODIFIED 1967 ATA DOC EQUATIONS (SEC. 2.5, FIG. 15) 
o CREW COSTS - 1967 ATA EQUATION ESCALATED AT 6% PER YEAR 
o FUEL PRICES - 30¢ AND 60¢ PER GALLON 
o ANNUAL UTILIZATION - 3,000 HOURS 
o INSURANCE RATE - 1% 
o DEPRECIATION - 16 YEARS, 10% RESIDUAL 
o SPARES - 15% TOTAL FLYAWAY COST 
o LABOR RATE - $6.10 PER YEAR 
o MAINTENANCE BURDEN - 1.8 X DIRECT AIRFRAME AND 
ENGINE LABOR COST 
Figure 73. DIRECT OPERATING COST ASSUMPTIONS - 1973 DOLLARS 
The DOC's for the study aircraft were calculated at various stage lengths 
using the two NASA-specifted fuel prices of 30 cents and 60 cents per gallon. 
The calculated DOC's were tabulated in terms of dollars per block hour ($/HR), 
dollars per nautical mile ($/NM), and cents per available seat-nautical mile 
(¢!ASNM). This information is presented in Table 81 using a fuel price of 
30 cents per gallon and in Table 82 at 60 cents per gallon. Although the 
turboprop airplanes appear to be slightly more expensive initially than comparable 
turbofans, due to fuel savings of between 27 and 33 percent, the turboprops 
offered DOC savings of 5-6 percent with fuel at 30 cents per gallon and 9-10 
percent at 60 cents per gallon, as shown in Table 83. Maintenance benefits 
could increase these savings slightly. 
Table 83 also shows the DOC benefits derived from the incorporation of a 
supercritical wing on a turboprop. However, it should be noted that, in pricing 
the turboprops, it was assumed that the nonrecurring development costs of the 
supercritical wing had been absorbed by prior funding from government and 
industry research, technology, and development programs. Under this assump~ 
tion the actual cost of manufacturing and installing a supercritical wing 
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TABLE 81 
COMPARATIVE DIRECT OPERATING COSTS - 1973 DOLLARS 
FUEL PRICE = 30e PER GALLON 
DC-9-30 Baseline DC-9-30D4 (TF. SCW) , DC-9-30D5 (TP CW) DC-9-30D6 (TP Scw) 
$/HR $/NM C/ASNM $/HR $/NH C/ASNM $/HR $/NM C/ASNM $/HR $/NM c/ASNM 
719.23 4.03 4.38 715.94 4.01 4.36 702.69 3.79 4.12 699.69 3.78 4.11 
702.96 2.47 2.69 691.86 2.44 2.65 680.07 2.34 2.54 671.48 2.31 2.51 
688.96 1.94 2.11 672.14 1.90 2.06 661.36 1.84 2.00 648.87 1.80 1.96 
685.13 1.77 1.93 664.00 1.72 1.87 653.83 1.67 1.82 639.19 1.64 1.78 
681.90 1.69 1.84 659.19 1.63 1. 78 650.15 1.59 1.73 634.02 1.55 1.69 
'680.97 1.64 1.78 657.00 1.58 1.72 648.34 1.55 1.68 631.00 1.50 1.64 
680.66 1.63 1.77 - - - - - - - - -
- - -
656.69 1.56 1.69 - - - - - -
- - - - - -
647.54 1.52 1.65 629.14 1.47 1.60 
- - - - - -
647.40 1.49 1.62 - - -
- - - -
- - - - -
627.22 1.44 1.56 , 
],01.02 2.32 2.52 688.61 2.28 2.48 676.87 2.19 2.38 667.34 2.16 2.35 I 
739.52 2.50 2.72 727.50 2.46 2.67 705.50 2.34 2.54 694.15 2.32 2.52 I 
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TABLE 82 
COMPARATIVE DIRECT OPERATING COSTS - 1973 DOLLARS 
FUEL PRICE = 60¢ P~R GALLON 
DC-9-30 Baseline DC-9-30D4 (TF, SCW) . DC-9-30D5 (TP, CW) 
$/HR $/NM ¢/ASNM $/HR $/NM ¢/ASNM $/HR $/NH ¢/ASNM 
975.49 5.46 5.94 968.61 5.42 5.90 909.07 4.91 5.34 
967.34 3.41 3.70 944.95 3.33 3.62 892.55 3.07 3.34 
955.40 2.69 2.93 921.61 2.60 2.82 873.62 2.43 2.64 
955.01 2.47 2.69 912.64 2.36 2.57 866.82 2.22 2.41 
952.76 2.36 2.57 907.27 2.25 2.45 864.17 2.12 2.30 
953.57 2.30 2.50 905.56 2,.1[\ 2.37 863.57 2.06 2.24 
953.54 2.28 2 .• 48 
- - - - - -
- - -
906.17 2.15 2.33 
- - -
- - - - - -
864.07 2.02 2.20 
- - - - - -
865.92 1.99 2.16 
- - - - - - - - -
967.01 3.20 3.48 942.01 3.12 3.39 890.27 2.89 3.14 
1044.82 3.53 3.84 1020.60 3.45 3.75 948.46 3.14 3.41 
DC-9-30D6 (TP, SCW) 
$/HR $/NM ¢/ASNH 
902.76 4.87 5.30 
875.15 3.01 3.27 
848.49 2.36 2.56 
837.44 2.14 2.33 
831.82 2.04 2.22 
828.81 1.98 2.15 
- - -
- - -
827.21 1.94 2.10 
- - -
826.05 1.89 2.05 
871. 02 2.82 3. !l7 
926.01 3.10 3.37 
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should be equivalent to that for a conventional wing. However, if the manu-
facturer has to absorb the costs of the new technology development, the DOC 
savings with the turboprops could be considerably reduced. Therefore, the 
benefits from and the costs of supercritical wing technology when applied to 
turboprop aircraft must be studied further before these preliminary DOC 
savings can be validated. 
TABLE 83 
DOC SAVINGS OF TURBOPROP AIRCRAFT RELATIVE TO 
COMPARABLE TURBOFANS 
CAB Average Stage 
Aircraft Comparisons Length (290 NM) 1,000 mi 
30¢/Gal 60¢/Gal 30¢/Gal 60¢/Gal 
DC-9-30D5 DC-9-30 5.5 9.9 5.8 10.4 Propfan vs. Turbofan 
DC-9 .. 30D6 DC-9-30D4 
Propfan vs. Turbofan 5.1 9.5 5.0 9.4 
(SCW) (SCW) 
DC-9-30D6 DC-9-30D5 
Propfan vs. Propfan 1.4 2.2 2.5 3.7 
(SCW) 
The effect of cruise altitude on DOC was also analyzed at the CAB average stage 
length for the DC-9-30 in 1973. Each airplane was flown over this 290 nautical 
mile stage length at cruise ~ltitudes of 15,000 feet and 30,000 feet. When the 
cruise altitude was r.educed for the same stage length, the fuel consumed by all 
the study airplanes was much higher. Consequently, not only was fuel cost a 
greater portion of DOC, but total DOC's increased significantly for each air-
plane (Table 84). With the lower cruise altitude of 15,000 feet, DOC savings 
from turboprop aircraft compared to turbofans increased slightly as shown in 
Table 85. 
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TABLE 84 
EFFECT OF REDUCING CRUISE ALTITUDE FROM 30,000 FT TO 15,000 FT 
(290 Nautical Mile Stage Length) 
FUEL PRICES OF 30¢ and 60¢ PER GALLON 
DOC Fuel Cost as Percent of Total DOC 
Aircraft 
Type 
DC-9-30 
DC-9-30D4 
DC-9-30D5 
DC-9-30D6 
~. 
Fuel Burned (% Increase) 30.000 Ft (% Increase) 
30¢ 60¢ 30¢ 60¢ 
17.2 7.7 10.3 37.9 55.0 
18.1 7.8 . 10.6 36.8 53.8 
16.3 6.4 8.8 31.5 47.9 
17.5 7.3 9.7 30.S 46.8 
TABLE 85 
J)OC SAVINGS OF TURBOPROP AIRCRAFT RELATIVE TO 
COMPARABLE TURBOFANS 
Cruise Altitude = 15,000 Ft 
15.000 Ft 
30¢ 60¢ 
41.3 58.4 
40.3 57.4 
34.4 51.2 
33.4 SO.1 
Aircraft Comparisons CAB Average Stage Length (290 NM) 
30¢/Ga1 60¢/Ga1 
DC-9-30DS vs. DC-9-30 6.5 11.1 Turboprop Turbofan , 
DC-9-30D6 vs. DC-9-30D4 S.6 10.2 Turboprop Turbofan 
(SCW) (SClol) 
5.3 Conclusions 
This preliminary investigation indicates considerable promise as to the 
economic viability of advanced technology turboprops in competition-with 
current and derivative turbofan aircraft in the air transportation system. 
With fuel savtng~ of approximately 27-33 percent and DOC reductions of over 
5 percent with fuel at 30 cents per gallon or 10 percent at 60 cents per 
gallon, a turboprop replacement for the current DC-9/H737 aircraft types 
most definitely warrants more extensive research and analysis. 
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SECTION 6.0 RECOMMENDED FUTURE WORK 
o Expand the study of fuel-conservative flight operations to include all 
aircraft types in the domestic fleet, and a wider scope of operational 
variations. The study results should be specific to each airline's 
market, fleet, and schedule. 
o Develop methodology to effectively evaluate, from an airline's view-
point, the economic potential of retrofitting current generation 
aircraft to conserve fuel. 
o Evaluate the potential fuel savings benefits accruing from an 
improved air traffic control system weighed against the total costs 
of improving the system. 
o Investigate the potential fuel savings benefits of reducing fuel 
reserve requirements for the U.S. air trancportation system under an 
improved ATC system. 
o Examine the effect of striving for higher load factors, as a means 
to reduce aircraft fuel consumption, on forecasted market demand 
and service frequencies. 
o An in-depth study of traffic demand, jet fuel prices, and fare 
levels, as well as their interreactions, to estimate the future 
elasticity of air travel demand in the U.S. domestic air trans-
portation system. 
o Evaluate the fuel conserving potential and applicability of a smaller 
N80 airplane (125-150 seats) with a design range of 1500 nautical 
miles for the U.S. domestic air transportation system. 
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S:ize and design an all-new aircraft specifically for the operations 
o,f the U. s. international carriers optimizing the designs for minimum 
DOC's at several fuel prices and minimum fuel consumption. Assess 
the fuel saving potential and economic viability of this airplane 
family in simulated international operations. The sizing of this 
airplane should begin with a seating capacity of approximately 
150-175 seats and a design range of 5000-5500 nautical miles. 
o Expand the study of DC-9 turboprop aircraft to examine the benefits 
from and costs of other advanced technologies when applied to this 
type of airplane. 
o Cpnduct a comparative market and economic analysis to determine 
the operational and economic performance of turboprop aircraft 
versus comparable turbofan aircraft over the same selected airline 
network. 
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TABLE A-l 
DC-8-21 BASELINE 
TOTAL DOC. lOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ I 
** Hr $/Hr $/N.Mi. Avai1a~le Seat N.Mi. $/Hr 
100 175 958.81 5.47 3.74 ~318.0~ 
250 283 907.16 3.19 2.19 ~654.7~ . 
500 358 899.95 2.52 1.73 ~ 202.8~ 
750 393 898.43 2.29 1.57 999.51 
1.000 413 897.55 2.17 1.49 881.9E 
2,000 447 895.29 2.00 1.37 679.6( L 3,000 460 894.44 1.94 1..33 604.4E 
AVG. STAGE 402 897.74 2.23 1.53 939.41 
--- -
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $7.210,000 
FUEL COST = 15¢/GALLON 
TOTAL IOC 
¢ 
$/N.Mi. Available Seat-N.M'. 
13.21 9.05 
5.82 3.99 
. 3.37 2.31 
2.55 1.74 
2.13 1.46 
1.52 1.04 
1.31 .90 
2.33 1.60 
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TABLE A-2 
DC-8-21 BASEL! NE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* 
DISTANCE BLOCK SPEED 
TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
'----
Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 1178.76 6.72 4.60 
250 ~ 141. 09 4.02 2.75 
500 ~171 .48 3.28 2.25 
750 ~188.70 3.03 2.07 
1,000 198.66 2.90 1.99 
2,000 214.25 2.71 1.86 
3,000 220.04 2.65 ·1.82 
AVG. STAGE 193.29 2.96 2.03 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FActOR = 58.0% 
AIRCRAFT PRICE (1973$) = $7,210,000 
FUEL COST = 30¢/GALLON 
** 
TOTAL IOC 
¢ 
** $/Hr $/N.Mi. Avai'able Seat-N.Mi. 
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TABLE A-3 
OC-8-21 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
N 
W 
..... 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Naut;cal Mne) Nautkal Mne ¢ 
** Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 1618.67 9.23 6.32 
2'50 1608.95 5.66 3.88 
500 1.714.55 4.80 3.29 
750 1769.24 4.51 3.09 
1.000 ~800.88 4.36 2.99 
2,000 ~852.19 4.14 2.84 
3,000 871.23 4.07 '2.79 
AVG. STAGE 784.40 4.43 3.03 
L--. ._. __ _ L....--_ _ __ ~ __ ----- L.....-. ---~ -------
* FROM DAe PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACtOR = 
AIRCRAFT PRICE (1973$) = 
58.0% 
$7,210,000 
FUEL COST = 60¢/GALLON 
- -
TOTAL IOC 
¢ 
** $/Hr $/N.Mi. ~vailable Seat-N.Mi. 
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!~ (N.MI. ) 100 
DOC COMPONENT 
I CREW .825 
I 
.104 I INSURANCE i 
I DEPRECIATION .684 
r·lA! NTENANCE: 
AIRFRA~lE .850 
ENGINE .422 
. . .. _-
_. --
I 
FUEL @ 15¢/GJ\L .859 
TOTAL DOC 3.744 
FUEL @ 301t/ GAL 1.717 
TOTIIL DOC 4.602 
~ FUEL @ 60¢/GAL 3.435 
TOTAL DOC 6.320 
• r ,.,..--,~ .• ~-.,......-¥ .~ ...... ~ :~'~ ·~,1'N· --:tt':t,d' . ~.,...,.-:: ,~~,,, .0"" t 
TABLE A-4 
DC-8-21 BASELINE - DOC COMPONENTS VS DISTANCE (i/ASNM) 
250 500 750 1.000 2.000 3.000 
.509 .405 .368 .350 .323 .314 
.064 .051 .047 .044 .041 .040 
.423 .336 .306 .291 .268 .261 
.387 .234 .182 .156 .117 .104 
.240 .179 .158 .148 .133 .128 
.564 .521 .506 .499 .488 .485 
2.187 1.726 1.567 1.488 1.370 1.332 
1.128 1.042 1.012 .998 .977 .969 
2.751 2.247 2.073 1.987 1.859 1.816 
2.256 2.083 2.025 1.996 1.953 1.939 
3.879 3.289 3.086 2.985 2.835 2.786 
---
-L- --
AVE. 
STAGE 
LENGTH 
.359 
.046 
.298 
.168 
.153 
.503 
1.527 
1.005 
2.029 
2,.010 
3.034 
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TABLE A-5 
DC-B-52 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
** Avai1a~le Seat N.Mi. $/Hr Hr $/Hr $/N.Mi. 
100 189 ~019. 10 5.40 3.70 ~545. 5( 
250 295 ,53.27 3.24 2.22 1749.5: . 
500 362 903.21 2.49 1.71 1243.1~ 
750 392 881 .12 2.24 1.54 1017.8f 
1,000 409 867.47 2.13 1.46 887.8l 
2,000 437 846.55 1. 94 1.33 675.0, 
3,000 447 838.91 1.88 L29 597.3E 
AVG. STAGE 390 882.32 2.26 1.55 ~030.38 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $8,600,000 
FUEL COST = 1St/GALLON 
TOTAL IOC I 
$/N.~1i. ¢ **, Available Seat-N.Mi. I 
13.49 9.24 
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TABLE A-6 
DC-8-52 BASELINE 
TOTAL OOC,IOC AND BLOCK SPEED VS DISTANCE 
* DISTAUCE BLOCK SPEED TOTAL DOC 
(Nautica 1 r1i1 e) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Avallab1e Seat N.Mi. 
100 1238.76 6.57 4.50 
250 1187.92 4.03 2.76 
500 1139.44 3.14 2.15 
750 1118.16 2.85 1.95 
1,000 1104.02 2.70 1.85 
2,000 1083.81 2.48 1.70 
3,000 1076.43 2.41 '1.65 
AVG. STAGE 
___ ~1119.29 2.86 1.96 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT .PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACTOR = 58.0% 
AI ReRAFT PR I CE (1973$) = $8,600,000 
FUEL COST = 30¢/GALLON 
** $/Hr 
--'-~----.- ----. 
TOTAL 10C 
¢ 
** $/N.Mi. ~vai'ab1e Seat-N.Mi. 
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TABLEA-7 
DC-B-S2 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Naut,i ca 1 Mi 1 e) Nautical Mile ¢ 
** Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 1678.07 8.89 6.09 
250 1657.20 5.63 3.85 
500 1611.89 4.45 3.05 
750 1592.25 4.05 2.78 
1,000 1577 . 11 3.86 2.65 
2,000 1558.33 3.57 2.44 
..... . 
3,000 1551.4~ 3.47 ?38 J AVG. STAGE 1593.2 4.08 2.79 
- - ----------- - - -----------
* FROM D~C PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $8,600,000 
FUEL COST = 60¢/GALLON 
, 
- . __ .. - .. 
TOTAL IOC 
¢ 
** $/Hr $/N.Mi. Available Seat-N.Mi. 
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TABLE A-8 
DC-8-52 BASELINE - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
~ I I (N.MI.) 100 250 500 , 750 1.000 DOC COMPONENT 
CREW 
.773 .495 .402 .371 .357 
INSURANCE .104 .067 .054 .050 .04~ 
DEPRECIATION .683 .438 .355 .328 .316 
r-1AINTENANCE: 
AIRFRAME .883 .403 .244 .190 .164 
ENGINE .459 .269 .205 .184 .174 
FUEL @ 1St/GAL .797 .546 .447 .414 .397 
TOTAL DOC 3.699 2.218 1.707 1.537 1.456 
FUEL @ 30¢/GAl 1.595 1.092 .893 .827 .794 
TOTAL DOC 4.497 2.764 2.154 1.950 1.853 
FUEL @ 60¢/<¥\l 3.190 2.183 1.786 1.654 1.588 
".., 
TOTAL DOC 6.092 3.855 3.047 2.777 2.647 
2.000 3.000 
.334 .326 
.045 .044 
.295 .288 
.124 .111 
.158 .152 I 
.-
.372 .364 
1.328 1.285 
.744 .728 
1.700 1.649 
1.4139 1.456 
2.445 2.377 
AVE. 
STAGE 
LENGTH 
.373 
.050 
.330 
.193 I I 
.185 
.415 
1.546 
.830 
1.961 
1.661 
2 .• 792 
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TABLE A-9 
DC-8-61 BASELINE 
TOTAL DOC. IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE -BLOCK SPEED TOTAL DOC 
(Na~tica1 Mile) Nautical Mile ¢ 
** Hr $/Hr $/N.Mi. Availaile Seat N.Ri. $/Hr 
100 169 1099.71 6.49 3.20 2871 .8E 
250 281 1023.3~ 3.64 1.79 2095.8~ . 
500 357 965. H 2.70 1.33 1538.OE 
750 387 935.6~ 2.42 1.19 1263. 5~ 
1,000 405 923.DE 2.28 1.12 ~111.8f 
2.000 435 909. l~ 2.09 1.03 854.7f 
3.000 448 911. 9~ 2.04 1.00 762.7( 
AVG. STAGE 392 934.24 2.38 1.17 1229.6 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 203 
LOAD FACTOR = 58.0% 
AiRCRAFT PRICE (1973$) = $10,300,000 
FUEL COST = 15¢/GALLON 
TOTAL IOC 
¢ 
$/N.Mi. Available Seat-N.Mi. 
16.94 8.35 
7.46 3.68 
. 4.31 2.12 
3.27 1.61 
2.75 1.35 
' ....... I • ':J I .97 
1.70 .84 
3.14 1.55 
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TABLE A-10 
DC-8-61 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(r~auti ca 1 Mil e) Nautical Mile ¢ Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 1354.85 7.99 3.94 
250 1280,.95 4.56 2.25 
500 1220.97 3.42 1.68 
750 1189.57 3.08 1.52 
1,000 1179.56 2.91 1.44 
2,000 1177 .6'9 2.71 1.33 
3,000 1192.64 2.66 1.31 
AVG. STAGE 1190. 17 3.04 1.50 
-- ---
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 
LOAD FACTOR = 
AIRCRAFT PRICE (1973$) = 
FUEL COST = 
203 
58.0% 
$10,300,000 
30¢/GALLON 
** 
1 TOTAL IOC 
¢ 
** $/Hr $/N.Mi. Avai1able Seat-N.Mi. 
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TABLE A-ll 
DC-8-61 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 1865.15 11.00 5.42 
250 1796.17 6.39 3.15 
500 1732.69 4.85 2.39 
750 1697.34 4.39 2.16 
1,000 1692.58 4.18 2:116 
2,000 1714.n 3.94 1.94 
3,000 1754.01 3.92 1.93 
AVG. STAGE 1702.02 4.34 2.14 
---.- -_. --_.. --
---
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 203 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $10,300,000 
FUEL COST = 60¢/GALLON 
------- .. ---
** 
TOTAL 10C 
I ¢ 
** $/Hr $/N.Mi. Avai1a61e Seat-N.M;. 
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~ (N.MI.) 100 DOC COMPONENT 
CREW .624 
INSURANCE .091 
DEPRECIATION .598 
NAINTENANCE: 
TABLE A-12 
DC-8-61 BASELINE - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
250 500 . 750 1.000 2.000 
.376 .296 .274 .261 .243 
.-055 .043 .040 .038 .036 
.361 .284 .262 .251 .233 
AVE. 
3.000 STAGE 
LENGTH 
.236 .270 
.034 .039 
.226 .258 
.., 
,1 
- i 
J., 
'lii 
! , 
AIRFRAME .783 .350 .206 .159 .135 .100 .088 .153 N "n~ '~n ,.,c "Inn nuu .""-" .~ l 
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ENGINE .359 .201 .149 
FUEL @ 15¢/GAL .741 .452 .353 
TOTAL DOC 3.196 1.795 1.331 
FUEL @ 30t/GAL 1.483 .903 .706 
TOTAL DOC 3.938 2.246 1.684 
FUEL @ 60t/GAL 2.966 1.807 1.412 
TOTAL DOC 5.421 3.150 2.390 
.134 .126 .114 
.323 .312 .304 
1.192 1.123 1.030 
.647 .624 .608 
1.516 1.435 1.334 
1.294 1.248 1.217 
2.163 2.059 1.943 
.110 .132 
.309 .322 
1.003 1.174 
.618 .643 
1.312 1.495 
1.236 1.286 
1.930 2.138 
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TABLE A-13 
OC-9-15 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Naut.ica1 Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 185 508.03 2.74 3.92 
250 291 501 .25 1.72 2.46 
500 352 491.36 1.40 1.99 
750 381 486.55 1.28 1.83 
1,000 400 486.14 1.22 1.74 
1,250 401 486.88 1.19 1.70 
1,500 417 489.00 1.17 1.68 
AVG. STAGE 309 497.83 1.61 2.30 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS ~ 70 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $4,100,000 
FUEL COST = 15¢/GALLON 
.r,;; ...... 
** $/Hr 
1068.0: 
747.0c 
531 .8( 
439~8' 
390.2( 
355.74 
333. H 
685.3( 
TOTAL IOC 
$/N.Mi. ¢ **i Available ~eat-N.Mi. : 
5.77 8.24 
2.57 3.67 
'1.51 2.16 
1.16 1.65 
.98 1.39 
.87 1.24 
.80 1.14 
2.22 3.17 
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TABLE A-14 
OC-9-15 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
. 
N 
+:-
N 
DISTANCE BLOCK SPEED 
11 TOTAL DOC 
(Nautical Mile) Nautical Mile t ** Hr $/Hr $/N.Mi. Available Seat N.MlI. 
100 607 • 7~ 3.28 4.69 
250 610.59 2.10 3,,00 
500 601.n 1.71 2.44 
750 596.79 1.57 2.24 
1,000 598.53 1.50 2.14 
1.250 601.75 1.47 2.10 
1,500 607.16 1.46 2.08 
AVG. STAGE 606.89 1.96 2.80 
.-
----- - -----
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* FROM DAe PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 70 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) &I $4,100,000 
FUEL COST = 30t/GALLON 
~~'.' 
TOTAL IOC I 
$/Hr $/N.Mi. ¢ **1 ~vaila6le ~eat-N.Mt. I 
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* D!STANCE BLOCK SPEED 
(Nautical Mile) Nautical Mile 
Hr 
100 
250 
500 
750 
1,000 
1,250 
1,500 
AVG. STAGE 
TABLE A-15 
DC-9-15 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
TOTAL DOC 
¢ 
$/Hr $/N.Mi. Available Seat N.Mr.** 
807.16 4.36 6.23 
829.26 2.85 4 •. 08 
822.45 2.34 3.34 
817 .26 2.15 3.07 
823.31 2.06 2.94 
831.48 2.04 2.91 
843.48 2.02 . 2.89 
825.00 2.67 3.81 
* FROM DAe PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS a 70 
LOAD FACTOR .. 58.0% 
AIRCRAFT PRICE (1973$). $4,100,000 
FUEL COST • 60t/GALLON 
TOTAL IOC 
I . t .. ** $/Hr $/N.Mi. Available Seat-N.Mi. 
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~ (N.rH.) DOC COl'tPONENT 
CRE1~ 
INSURANCE 
DEPRECIATION 
MAItITENANCE: 
AIRFRAME 
ENGINE 
FUEL @ 15¢/GAI. 
TOTAL DOC 
FUEL @ 3O¢/GAL 
TOTAL DOC 
FUEL @ 60¢jGAL 
TOTAL DOC 
100 
1.144 
.124 
.814 
.582 
.486 
.769 
3.919 
1.538 
4.688 
3.077 
6.227 
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TABLE A-16 
DC-9-15 BASELINE - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
-----
250 500 750 1,000 1,250 
. 
.729 • 602 .557 .530 .519 
.079 .065 .060 .057 .056 
.519 .428 .396 .377 .369 
.317 .233 .204 .188 .180 
.282 .218 .195 .183 .177 
.537 .448 .414 .401 .402 
2.463 1.994 1.826 1.736 1.703 
1.075 .896 .827 .803 .803 
3.001 2.442 2.239 2.138 2.104 
2.149 1.791 1.655 1.606 1.607 
4.075 3.337 3.067 2.941 .2.908 
--,,- --,- ---_ .. _-_. ---- --- -
.. ,.!:>~' ....... ,~ ., .,-.. ~ .... 
AVE. 
1.500 STAGE 
LENGTH 
.509 .685 
.055 I .074 
.362 .487 
.174 .289 
.172 .260 
.405 .504 
1.677 2.299 
.810 1.008 
2.082 2.803 
1.620 2.015 
2.892 3.810 
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TABLE A-17 
DC-9-32 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
** Rr $/Hr $/N.Mi. Availai1e Seat N.Mi. $/Hr 
100 '''? 10 ... 542.90 2.99 3.25 1305.3( 
250 286 528.46 1.86 2.02 914.4f. 
500 355 518.00 1.46 1.59 670.8 
750 381 510.60 1.34 1.46 554.2 
1,000 397 507.44 1.28 1.39 490.6: 
1,250 408 506.56 1.24 1 .. 35 450.7! 
1,500 417 507.44 1.22 1.32 .422.9: 
AVG. STAGE 302 527.46 1.75 1.90 861.04 -- - - ~ 
-
--
- ---
* FROM Dk~ PERFORMANCE DATA fOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 92 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $5,150,000 
FUEL COST = 15¢/GAllON 
TOTAL IOC 
It $/N.Ml. Available Seat-N.Ml. 
7.18 7.80 
3.22 3.50 
1.89 2.06 
1.46 1.58 
1.24 1.34 
1.10 1.20 
1.02 1.10 
2.85 3.10 
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TABLE A-18 
DC-9-32 BASELINE 
TOTAL DOC, lac AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
** Hr $/Hr $/N.Mi. Available Seat N.Mi. 
-
100 644.99 3.55 3.86 
250 640.40 2.25 2.45 
500 634.71 1.79 1.95 
750 627.09 1.65 1. 79 
1.000 624.71 1.57 1.71 
1,250 625.46 1.53 1.66 
1,500 628.95 1.51 1.64 
AVG. STAGE 641. 78 2.12 2.31 
-- ------- - --
_ .. -
---
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS II 
LOAD FACtOR II 
AIRCRAFT PRICE (1973$). 
FUEL COST • 
92 
58.0% 
$5,150,000 
30¢/Gallon 
TOTAL IOC 
¢ 
** $/Hr $/N.Mi. Available Seat-N.Ml. 
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TABLE A-19 
DC-9-32 BASELINE 
TOTAL DOC, 10C AND BLOCK SPEED VS DISTANCE 
* 
DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Avai1able Seat N.Mi. 
100 849.17 4.67 5.08 
250 864.28 3.04 3 •. 31 
500 868.11 2.45 2.66 
750 860.06 2.26 2.46 
1,000 859.25 2.17 2.35 
1,250 863.24 2.11 2.30 
1,500 871.97 2.09 2.27 
AVG. STAGE 870.42 2.88 3.13 
._-
* FROM DAe PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 92 
LOAD FACTOR II 58.0S 
** 
TOTAL IOC 
¢ 
$/Hr $/N.Mi. ~vai'ab1e Seat-N.Mf.** 
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AIRCRAFT PRICE (1973$) II $5,150,000 t ~ 
FUEL COST • 60t/Ga 11 on t ! 
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~ (N.ru. ) DOC COf-1PONENT 
CREW 
INSURANCE 
DEPRECIATION 
MAINTENt''.NCE: 
AIRFRAME 
ENGINE 
FUEL @ 15¢lGAl 
TOTAL DOC 
FUEL @ 30t/GAL 
TOTAL DOC 
FUEL @ 60t/GAL, 
TOTAL DOC 
100 
.894 
.103 
.674 
.590 
.375 
-
.610 
3.246 
1.220 
3.856 
2.441 
5.077 
TABLE A-20 
DC-9-32 BASELINE - DOC COMPONENTS VS DISTANCE (It/ASNM) 
250 500 750 1,000 
.572 .458 .427 .410 
.066 .053 .049 .047 
.431 .345 .322 .309 
.306 .209 .179 .163 
.219 .165 .148 .140 
.428 .358 .333 .321 
2.022 1.588 . 1.458 1.390 
.856 .716 .665 .642 
2.450 1.946 1.790 1.711 
1.713 1.431 1.330 1.285 
3.307 2.661 2.455 2.354 
I 
1,250 1,500 
.398 .390 
.046 .045 
.300 .294 
.153 .147 
.135 .131 
.316 .317 
1.348 1.324 
.632 .634 
1.664 1.641 
1.265 1.268 
2.297 2.275 
AVE. 
STAGE 
LENGTH 
.538 
.062 
.406 
.278 
.203 
.411 
1.898 
.822 
2.309 
1.645 
3.132 
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TABLE A-2l 
OC-l0-10 BASELINE 
TOTAL -DOC, lOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 164 512.33 9.23 3.33 
250 275 386.55 5.05 1.82 
500 355 295.85 3.65 1.32 
750 389 ~256.28 3.23 1.17 
1.000 408 231.68 3.02 1.09 
2,000 445 B200.83 2.70 .97 
3,000 459 11197.69 2.61 .94 
AVG. STAGE 399 n 241. 61 3.11 1.12 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 277 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$):: $18,300,000 
FUEL COST = 15c/GALLON 
~ ~.-~ , 
** $/Hr 
~955 .2! 
~903.m 
~144.31 
~769. 2( 
h 553. 2~ 
~ 192. 3~ 
h057.3f 
h652.3J 
TOTAL IOC 
¢ 
$/N.Mi. Available Seat-N.Mi. 
24.13 8.71 
. 10.57 3.82 
6.05 2.18 
4.55 1.64 
3.81 1.37 
2.68 .97 
2.30 .83 
4.14 1.49 
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TABLE A-22 
DC-10-10 BASELINE 
TOiAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(rlauti ca 1 Mil e) Nautical Mile ¢ 
Hr $/Hr $/N .Mi • Available Seat N.Mi. 
100 1817 .39 11.09 4.00 
250 ! 1691.4; 6.16 2.22 
500 1600.71 4.51 1.63 
750 1566.00 4.03 1.46 
1 ,000 1542.37 3.78 1.36 
2,000 1523.79 3.42 1.24 
3,000 1533.68 3.34 1.21 
AVG. STAGE 1550.47 3.89 1.40 
* FROt·1 D.b.C PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL Nur~I3ER OF SEATS = 277 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $18,300,000 
FUEL COST = 301t/GALLON 
** 
TOTAL IOC 
¢ 
** $/Hr SIN .Mi • Available Seat-N.Mi. 
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TABLE A-23 
OC-10-10 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTAHCE BLOCK SPEED TOTAL DOC 
(Uautical f1ile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Availab1e Seat N.Mi. 
100 2427.52 14.81 5.35 
250 2301.38 8.38 3.02 
500 2210.43 6.23 2.25 
750 2185.44 5.62 2.03 
1,000 2163.76 5.30 1.91 
2,000 2169.70 4.87 1.76 
3,000 2205.66 4.80 1.73 
AVG. STAGE 1 2168.20 5.43 1.96 
* FRO~1 OAC PERFORt·1ANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMnER OF SEATS = 277 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $18,300,000 
FUEL COST = 60e/GALLON 
** 
TOTAL IOC 
¢ 
** S/Hr $/N.t4i. Available Seat-tl.m. 
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'~ ! (N.MI.) DOC COt~PONENT 
CREW 
, 
, 
, 
INSURAilCE I I 
I DEPRECIATION 
I r'lAl NTENANCE: 
I 
AIRFRAME 
ENGINE 
-
I 
~15¢/GAt 
TOTAL DOC 
FUEL @ 30¢lGAl 
TOTI\L DOC 
r 
I FUEL @ 60,/GAI:. 
TOTAL DOC 
I , 
.-
100 
.489 
.122 
.805 
.972 
.270 
.672 
3.330 
1.344 
4.002 
2.687 
I 
5.345 
TABLE A-24 
DC-10-10 BASELINE - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
250 500 '750 1.000 2.000 
.292 .226 .206 .196 .180 
.073 .057 .052 .049 .045 
.480 .372 .339 .323 .296 
.423 .241 .180 .150 .104 
.153 
I 
.113 .102 .096 .086 
.401 .310 .288 .275 .262 
1,822 1.319 1.167 1.089 .973 
.802 .621 .576 .550 .524 
2.223 I 1.630 1.455 1.364 1.235 
I 
1.603 1 .241 1.151 1.100 1.047 
3.024 2.250 2.030 1.914 1.758 
AVE. 
3.000 STAGE 
LENGTH 
.175 .201 
.044 .050 
• 287 .331 . 
.089 .164 
.082 .098 
.264 .279 
.941 1.123 
.528 .559 
1.205 1403 
1.056 1.117 
1.733 1.961 
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TABLE A-25 
OC-10-40 BASELINE 
., 
i 
~ 
~ 
• ~'-1 
! 
1 
j j 
~ 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 1 i 
! 
OISTArtCE I BLOCK SPEEO* TOTAL DOC 
(Naut;ca1 M;le) Nautical Mile ¢ . ** Hr $/Hr $/N.Mi. Avai1able Seat N.Mlr. 
100 164 1720.77 10.50 4.17 
250 275 1570.27 5.72 2.27 
500 355 1461. 74 4.12 1.64 
750 389 1414.83 3.64 1.44 
1,000 408 1383.27 3.39 1.34 
2,000 445 1346.72 3.02 1.20 
3,000 459 1342.44 2.92 1.16 
AVG. STAGE 381 1425.62 3.74 1.49 
* FROM DAe PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 252 
LOAD FACTOR = 58.0% 
AiRCRAFT PRICE (1973$) = $21,500,000 
FUEL COST = 15t/GALLON 
TOTAL IOC 
¢ 
$/Hr $/N.Mi. Availab1e Seat-N.Mi. 
4083.61 24.91 9.89 
2975. H 10.83 4.30 
2175.9t 6.14 2.44 
1781.3! 4.58 1.82 
1554.0 3.81 1.51 
~174.0 2.64 1.05 
~ 031. 9f 2.25 .89 
1885.2( 4.95 1.97 
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TABLE A-26 
OC-10-40 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTAriCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ ** 
-----
Hr $/Hr $/N.r~i • Availab1e Seat N.Mi. 
100 2083.90 12.71 5.04 
250 1923.06 7.00 2.78 
500 1807.09 5.10 2.02 
750 1762.83 4.54 1.80 
1 .000 1728.23 4.23 1.68 
2.000 n 703.23 3.82 1.52 
3.000 P12.71 3.73 1.48 
AVG. STAGE ~771.43 4.65 1.85 
--_._._- ------
* FRO~1 DAC PERFORt·1ANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 252 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $21,500,000 
FUEL COST = 30¢/GALLON 
TOTAL lOC 
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TABLE A-27 
DC-10-40 BASELINE 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nauti ca 1 r~i 1 e) Nautical Mile ¢ 
Hr $/Hr $lN.Mi. Available Seat N.M;. 
100 2810.16 17.14 6.80 
250 2628.65 9.57 3.80 
500 ~497 .79 7.04 2.80 
750 ~458.84 6.33 2.51 
1,000 ~418. 14 5.92 2.35 
2,000 ~416.26 5.42 2.15 
3,000 2453.27 5.34 2 .• 12 
AVG. STAGE 2463.04 6.47 2.57 
* FROM O~C PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 252 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $21.500,000 
FUEL COST = 60¢jGALLON 
** 
TOTAL IOC 
If. 
** $/Hr $/N.Mi. ~va;lab'e Seat-N.Mi. 
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TABLE A-28 
DC-10-40 BASELINE - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
!~ f: (N.M!.) 100 250 500 750 1,000 
DOC COt1PONENT 
CREW .559 .334 .258 .236 .224 
INSURANCE .158 .095 .073 .067 .064 
DEPRECIATION 1.040 .620 .481 .439 .418 
r·j,'INTENANCE: 
AIRFRAME 1.186 .515 .291 I 
.218 .181 
ENGINE .343 .195 • i46 .130 .123 
FUEL @ 151t/GAL .879 .510 .387 
I 
.355 .335 
TOTAL DOC 4.165 2.269 1.636 1.445 1.345 
FUEl @ 30 ¢I GAL 1.758 1.019 .773 .710 .670 
TOTAL DOC 5.044 2.778 2.022 1.800 1.680 
FUEL @ 60¢/GAL 3.516 2.038 1.546 1.421 1 ~341 
TOTAL DOC 6.802 3.797 2.795 2.511 2.351 
-- -- -
2,000 3,000 
.206 .200 
.058 .056 
.383 .371 
.125 .107 
.110 .106 
.318 .320 
1.200 1.160 
.635 .640 
1.517 1.480 
1.271 1.279 
2.152 2.119 
-- --- ---
AVE. 
STAGE 
LENGTH 
.241 
.068 
.448 
.235 
.134 
.360 
1.486 
.720 , 
i 
1.846 
1.442 
2.568 
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TABLE A-29 
DC-8-20R 
W 
i 1 
I 
TOTAL DOC. IOC AND BLOCK SPEED VS DISTANCE 
* 
DISTANCE BLOCK SPEED ---
TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr 5/Hr $/N.Mi. Availab1e Seat N.Mi. 
100 175 1218.51 6.95 4.76 
250 283 1l52.8L 4.06 2.78 
500 358 1107.3c. 3.10 2.12 
750 393 1087.9~ 2.77 1.90 
1,000 413 1076.71 2.61 1.78 
2,000 447 1057.0[- 2.36 1.62 
3,000 460 1049.67 2.28 1.56 
AVG. STAGE 402 1082.12 2.69 
1.84 
.- - -~-
__ L--- ___ .. _ 
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* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS • 146 
LOAD FACTOR :I 58.01 
AIRCRAFT PRICE (1973$). $5,350,000 
FUEL COST • 15¢/Ga 11 on 
~ 
TOTAL 10C 
** 
¢ 
** $/Hr $/N.Mi. Available Seat-N.Ml. 
... _-
2318.03 13.21 9.05 
1654.7~ 5.82 3.99 
~202.8~ 3.37 2.31 
999.51 2.55 1.74 
88l.9~ 2.13 1.46 
679.6( 1.52 1.04 
604.4~ 1.31 .90 
939.47 2.33 1.60 
--~ -
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TABLE A-3D 
DC-8-20R 
TOTAL DOC, lac AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile 
$/Hr 1$/N.Mi. t ** Hr Available Seat N.~i. 
100 1425.32 8.12 5.57 
250 1361. 91 4.79 3.28 
500 1317.56 3.69 2.53 
750 1299.74 3.31 2.27 
1.000 1289.43 3.12 2.14 
2,000 1270.77 2.84 1.95 . 
3,000 1263.85 2.75 
. 1.88 
AVG. STAGE 129.4.19 3.21 2.20 
* FROM DA~ PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACTOR 
-= 58.0S 
AIRCRAFT PRICE (1973$). $5,350,000 
FUEL COST • 30¢lGal1on 
TOTAL IOC 
t 
** $/Hr $/N.Mi. Availa6le Seat-N.Mi. 
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TABLE A-31 
DC-8-20R 
TOTAL DOC. 10C AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED I TOTAL DOC 
(Nautical Mile) Nautical Mile t 
** Rr $/Hr $/N.Mi. Avai1able Seat N.Mi. 
100 I 1838.89 10.48 7.18 
250 1780.11 6.27 4;29 
500 1737.88 4.87 3.33 
750 1723. 2~ 4.39 3.01 
1,000 1714.77 4.15 2.84 
2,000 1698.31 3.80 2.60 
3_000 1692.2C 3.68 2.52 
AVG. STAGE 1718.32 4.27 2.92 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
•• TOTAL NUMBER OF SEATS • 146 
LOAD FACTOR • 58.0% 
AIRCRAFT PRICE (197.3$),. $5,350,000 
FUEL COST • 60¢lGal1on 
TOTAL IOC 
¢ 
** $/Hr $/N.Mi. ~vaila61e Seat-N.M~. 
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~ (N.M!.) DOC COMPONENT 
CREW 
INSURANCE 
DEPRECIATION 
"VU NTENANCE: 
AIRFRAME 
ENGINE 
FUEL @ 15C/GAL 
TOTAL DOC 
FUEL @ 30~/GAL 
TOTAL DOC 
FUEL @ 60~/GAt: 
TOTAL DOC 
100 
.825 
.077 
1.624 
.850 
.574 
-
.807 
I 4.757 
1.615 
5.565 
3.229 
I 7.179 
TABLE A-32 
DC-8-20R - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
250 500 750 1,000 
.509 .405 .368 .350 
.048 .038 .035 .033 
.. 
1.003 .798 .726 .689 
.387 .234 .182 .156 
.328 .246 .218 .204 I 
I 
.504 .403 .369 .352 
i 2.779 2.124 1.898 1.784 
1.008 .806 .739 .705 
3.283 2.527 2.267 2.137 
2.017 1.612 I 1.478 1.41fJ 
4.292 3.333 
I 
3.006 2.842 
2,000 3,000 
.323 .314 
.031 .030 
.637 .620 
.117 .104 
.183 .176 
.327 .319 
1.618 1.563 
.654 .637 
1.945 1.881 
1.309 1.275 
2 .• 600 2.519 
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AVE.. 
STAGE 
LENGTH 
.359 
.034 
.707 
.168 
.211 
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TABLE A-33 
DC-8-20DR 
t 
I 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
ti 
f 
b 
r 
~: 
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r 
r 
N 
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, 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile t 
-
Hr $/Hr $/N.Mi. Available Seat N.Ri. 
100 175 879.74 5.01 3.44 
250 283 826.25 2.91 1 .. 99 
500 358 813.17 2.28 1.56 
750 393 808.92 2.06 1.41 
1,000 413 806.46 1. 95 1.34 
2,000 447 801.51 l. 79 l.23 
3,000 460 799.68 l. 74 1.19 
AVG. STAGE 402 807.43 2.00 1.37 
-' 
- -~ _____ .I ________ 
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* FROM DA~ PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $1,534,000 
FUEL COST • 15¢/Ga 11 on 
!, 
** $/Hr 
b318.0~ 
654.73 
202.83 
999.57 
881.9f 
679.6C 
604.4f 
_ 939.4~ 
TOTAL IOC 
$/N.M1. 
¢ 
Availa61e Seat-N.M~. ** 
-----
13.21 9.05 
5.82 3.99 
3.37 2.31 
2.55 1.74 
2.13 1.46 
1.52 1.04 
1. 31 .90 
2.33 1.60 
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TABLE A-34 
DC-8-20DR 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical M"ile) Nautical Mile ¢ 
Rr $/Hr $/N.Mi. ~val1a61e Seat R.Ri. 
100 1097.58 6.26 4.29 
250 ~056.20 3.72 2 •. 55 
500 1074.89 3.01 2.06 
750 1086.63 2.77 1.90 
1,000 1093.43 2.65 1.81 
2,000 1103.66 2.47 1.69 
3,000 11 07.46 2.41 1.65 
AVG. STAGE 1089.64 2.71 1.85 
• Fa OM DAc PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS • 146 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $1,534,000 
FUEL COST • 30¢/Gallon 
** 
TOTAL IOC 
¢ 
** $/Hr $/N.Mi. ~vai1a61e Seat-N.M~. 
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TABLE A-35 
DC-8-20DR 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
Nautical Mile ¢ (Nautical Mile) 
** Hr $/Hr $/N.Mi. Avai1a61e Seat N.Mi. 
100 1533.25 8.74 5.99 
250 1516.13 5.34 3.66 
500 1598.32 4.48 3.07 
750 1642.07 4.18 2.86 
1,000 1667.38 4.04 2.76 
2,000 1707.96 3.82 2.61 
3,000 1723.03 3.74 2.57 
AVG. STAGE 1654.05 4.11 2.81 
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.. FROM DA~ PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS· 146 
LOAD FACTOR • 58.0% 
AIRCRAFT PRICE (1973$). $1,534,000 
FUEL COST • 50<t/Ga 11 on 
l ~i 
TOTAL 10C 
¢ 
** $/Hr $/N.Mi. ~vai1a61e Seat-N.Mt. 
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TABLE A-36 
DC-8-20DR - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
~ (N.M!.) 100 250 500 750 1,000 DOC COMPONENT 
CREW .825 .509 .405 .368 .350 
INSURANCE .022 .014 .011 .010 .009 
DEPRECIATION 
.465 .288 .229 .20R .198 
I r·lAI NTENANCE: 
I AIRFRAME 
I 
.850 .387 .234 .182 .156 
ENGINE, .422 .240 .179 .158 .148 I ! , 
I I FUEL @ 15¢/GAL .851 
I 
.554 .502 .485 .476 
TOTAL DOC 3.435 1.992 I 1.560 1.411 1.337 ! 
I 
FUEL @ 30UGAL 1. 701 I 1.109 1.004 .969 .951 
TOTAL DOC 4.285 I 2.547 2.062 1.895 1.812 
r- I 
I I I FUEL @ 60¢/GAL 3.402 2.217 2.007 1.938 1.903 
~ TOTAL DOC ! 5.986 I 3.655 3.065 2.864 2.764 
------ ----- -
2,000 3,000 
.323 .314 
.008 .008 
.183 .178 
.117 .104 
<-
.133 .128 
.463 .458 
1.227 1.190 
.925 .916 
1.689 1.648 
1.850 1.833 
2.614 2.565 
) 
AVE-. 
STAGE 
LENGTH 
.359 
.010 
.203 
.168 
.153 
I 
.480 
1.373 
.960 
1.853 
1.920 
2.813 
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TABLE A-37 
DC-8-20ER 
TOTAL-DOC, lOC AND BLOCK SPEED VS DISTANCE 
* TOTAL DOC I DISTANCE BLOCK SPEED 
" 
(Nautical Mile) Nautical Mile ¢ 
** , Rr $/Hr $/N.Hi. ~ai'a61e Seat N.Ri. $/Hr 
100 175 121l.6f 6.91 4.73 b318.0~ 
250 283 1147.84 4.04 2.77 654.73 
500 358 1108,27 3.10 2.13 ~ 202.8.; 
750 393 11091. 6t 2.78 1.90 999.57 
1.000 413 1081. 9f 2.62 1.79 881.9~ 
2,000 447 1064.8~ 2.38 1.63 679.6C 
3,000 460 1058.5~ 2.30 1.58 604.4S 
A'JG. STAGE 402 1086.53 2.70 - 1.85 939.47 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS • 146 
LOAD FACTOR • 58.0% 
AIRCRAFT'PRICE (1973$). $5,240,000 
FUEL COST • 15¢1Ga11on 
TOTAL 10C 
¢ 
** $/N.Mi. ~vai'a6'e Seat-N.M~. 
-----
13.21 9.05 
5.82 3.99 
3.37 2.31 
2.55 1.74 
! 
2.13 1.46 
1.52 1.04 
1.31 .90 
2.33 1.60 
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TABLE A-38 
DC-8-20ER 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nauti ca 1 f1i 1 e) Nautical Mi 1e ¢ 
** Hr $/Hr $/N .Mi • Available Seat N.Mi. 
100 ~420.60 8.10 5.55 
250 360.93 4.79 3.28 
500 1328.26 3.72 2.55 
750 n 315.96 3.35 2.30 
1 ,000 n 308.82 3.17 2.17 
2,000 1295.51 2.90 1.98 
3,000 1290.57 2.80 1.92 
AVG. SiAGE h311.9g 3.26 2.23 
* FROM DAC PERFORHANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACTOR = 58.0% 
AI RCRAFT PRICE (1973$) = $5,240,000 
FUEL COST = 30¢/Ga llon 
'--..,-~'-
TOTAL IOC 
¢ 
** $/Hr $/N .M; • ~vai'able Seat-N.Mi. 
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TABLE A-39 
DC-8-20ER 
TOTAL QOC!! .. IOC AND BLOCK SPEED VS DISTANCE 
..... 'Ii 
DISTANCE BLOCK SPEED TOTAL DOC 
(r~auti ca 1 Mi 1 e ) Nautical Mile , ¢ 
Hr $/Hr $/N.Mi. Available Seat N.Mi. 
~OO 1838.44 10.48 7.18 
250 1787.13 6.29 4.31 
500 1768.26 4.95 3.39 
750 1764.63 4.49 3.08 
1,000 1762.50 4.27 2.92 
2.000 1756.74 3.93 2.69 
3.000 1754.60 3.81 2.61 
AVG. STAGE 1762.88 4.38 3.00 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHi PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACTOR = 58.0% , 
AIRCRAFT PRICE (1973$) = $5,240,000 
FUEL COST = 60tt/Gallon 
** 
/.- --..----,"""-... 
TOTAL 10C 
¢ 
** $/Hr $IN.Mi. ~vailable Seat-N.Mt. 
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~ - (N.MI.) DOC COMPONENT 
CREW 
INSURANCE 
DEPRECIATION 
MAINTENANCE: 
AIRFRAME 
ENGINE 
FUEL @ 15~/GAL 
TOTAL DOC 
FUEL @ 30¢/GAL 
TOTAL DOC 
FUEL @ 60¢/GAL' 
TOTAL DOC 
100 
.825 
.076 
1.591 
I 
.850 
.574 I 
I 
I 
I 
I 
.815 I 
4.731 I I 
i 1.630 i 
I 
I 5.546 I 
i 
3.262 . I 
I 
I 7.178 I 
TABLE A-40 
DC-a-20ER - DOC COMPONENTS VS DISTANCE (¢/ASNM)-
250 500 750 1,000 
.509 .405 .368 .350 
.·,O~7 .037 .034 .032 
.982 .782 .711 I .675 
.387 .234 .182 .156 
.328 .246 .218 .204 
.514 I .422 .391 .376 
2.767 2.126 1.904 1.793 
1.028 .844 .782 .752 
3.281 2.548 2.295 2.169 
2.055 ' 1.687 1.565 1.504 
4.308 3.391 3.078 2.921 
;' .~ 
" 
"1 
1 
AVE·. 
2.000 3,000 STAGE 
cl;ENGTH 
:~ /~ 
,; " 
.323 .314 .359 
.030 ,.029 .033 
.624 .607 .693 
I 
'-
-
.117 .10~' \\ .168 
\ 
.183 I 
v. 
.176 ' .211 
.353 .346 .383 
1.630 1.5.76 ·~.847 
I 
,\ 
.706 .691 .76~7 
.,\ 
1.983 1.921 2.231 
1.412 1.382 1.533 
2.689 2.612 2.997 if 
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TABLE A-41 
DC-8-50R 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
. 
* DISTAr~CE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautica 1 M11 e t 
lir $frit' $/N.Mi. ~val'a6'e ~eat R.Rl. 
100 189 1390.06 7.37 5.05 
250 295 1298.60 4.42 3.02 
500 362 h240.89 3.42 2.35 
750 392 ~ 215.21 3.09 2.12 
1,000 409 ~199.67 2.94 2.01 
2,000 437 ~175.37 2.69 1.84, 
3,000 447 ~166.50 2.61 . 1.79 
AVG. STAGE 390 ~216.61 3.11 2.13 
* FROM DAC P'ERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACTOR = 58.01 
AIR(:RAFT PRICE (1973$). $7,730,000 
FUEL COST • 15t/Gallon 
** $/Hr 
'545.5( 
~749.5~ 
~ 243. 1 ~ 
~0l7 .8E 
887 .8~ 
675.m 
597 .3~ 
11030.3~ 
TOTAL IOC 
S/N.Mi. 
t ~vat'a6'e ~eat-R.Rt. 
13.49 9.24 
5.95 4.07 
3.43 2.35 
2.59 1 •. 78 
2.18 1.49 
1.55 1.06 
1.34 .91 
2.64 1.81 
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TABLE A-42 
BG-8-S0R 
TOTAL DOC, --roc- J1Nlr BLOCK SPEED VS DlS'~NCE 
* TOTAL 'DOC BlOe~ -SPEED -- --- -' -DISTANCE 
(Nautical MUe) Nautical Mile ~ ** Rr $/Hr $/N.Mi. ~yanali1e -eat R.roH. 
100 ~607.70 8.S2 S •. 84 
250 ~'S07 .41 S.13 3.51 
SOD ~444.S7 3.99 2.73 
750 ~416.61 3.61 2.47 
1,000 ~398.9S 3.43 2.35 
2,000 ~372.4S 3.14 2.1S 
3,000 1362.76 3.05 . 2.09 
AVG. STAGE 1418.10 3.631 2.49 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACTOR = 58.0S 
AIRCRAFT PRICE (1973$). $7,730,000 
FUEL COST = 30ft/Gallon 
TOTAL 10C 
$/Hr $/N.M1. ¢ ~ya;1aIi1e Seat-R.Rt. ** 
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TABLE A-43 
DC-8-50R 
TOTAl DOC, IOC AND BLOCK SPEED VS ~ISTANCE 
* DISTANCE - BLOCK SPEED TOTAL DOC 
(r~auti ca 1 Mi 1 e) Nautical Mile ~ ** Rr $/Hr $/N.Mi. ~yal1a61e -eat R.Al. 
100 2042.94 10.83 7.42 
250 
'1925.05 6.55 4.48 
500 ---;> 1851. 94 5.11 3.50 
750 1819.41 4.63 3.17 
1,000 n797.51 4.40 3.02 
2,000 1766.59 4.05 2.77 
3,000 1755.29 3.93 . 2.69 
AVG. STAGE h821.09 4.66 3.19 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $7,730,000 
FUEL COST • 60¢/Ga 11 on 
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TOTAL IOC 
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** $/Hr ·$/N.Mi. ~ya"a61e ~eat-R.Al. 
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~ (N.MI.) DOC COfoFONENT 
CREW 
INSURANCE 
.' 
DEPRECIATION 
MAINTENANCE: 
AIRFRAME 
E~GINE 
FUEL ~ lS.c/JiAL 
TOTAL DOC 
FUEL @ 30¢/GAL 
TOTAL DOC 
, 
FUEL @ 60¢/GAL 
TOTAL DOC 
,. 
100 
.773 
.093 
1.964 
.883 
.543 
.790 
5.046 
i 
1.580 I I 
5.836 i 
- , 
3.160 
7.416 
.. TABLE A-44 
DC-8-50R - DOC COMPONENTS VS DISTANCE (¢lASNM) 
250 500 750 1,000 
.495 .402 ~'371 .357 
.060 .049 .045 .043 
1.260 1.023 • 944 .908 . 
.403 .244 .190 .164 
-
.319 .243 .218 .206 
I 
.-
-' 
.487 .385 • 351 .335 
3.024 2.346 2.119 2.013 
,973 .770 .703 .669 
3.510 2.731 2.471 2.347 
1.946 1.540 1.405 1.338 
4.,483 3 .• 501 3.173 3.016 
-
2,000 3.000 
.334 .326 
.040 .039 
.• 849 
I 
.829 
.124 .111 
" -
. 
.188 I .181 
.309· I I 
,. 
.301 
1.844 I 1.787 
I 
.618 .601 
2.153 2.087 
1.236 1.203 
2.771 2.689 
AVE· •. ' 
STAGE 
LENGTH 
.373 
.045 
.949 
.193 
.219 i 
:~ 
.353 
2.132 
.• 706 
2.485 
1.4:t? 
--""' 
3.19.1 
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TABLE A-45 
1- DC-8-50DR 
~'"':--:-~~~~.-:~ .. -~,.......-."r."I!!"f".~ f''7*('''¥''''"'t'!!''" ... '''JIiM';;'fW!~~''~~~ 
. .--..... ,... ... ~ 
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1 
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TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
! 
\ 
t 
t' 
~ 
I 
I;, 
I 
~ 
:1 
N 
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w 
'* 
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DISTANCE BLOCK SPEED TOTAL DOC 
(t~aut; ca 1 Mil e) 'Nautical Mile t 
Rr $/Hr S/N.Mi. ~vat1a61e Seat N.Rt. 
100 189 1069.94 5.67 3.88 
250 29'5 996.71 3.39 2.32 
500 362 944.97 2.61 1.79 
750 392 921.95 2.35 1.61 
1,000 409 907.82 2.22 1.52 
2,000 437 886.03 2.03 1.39 
3,000 447 878.07 1.96 - 1.35 
AVG. STAGE 390 923.21 2.36 1.62 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** tOTAL NUMBER OF SEATS = 146 
, 
LOAD FACTOR = 58.0S 
AIRCRAFT PRICE (1973$):a $3,658,000 
fUEL COST • 15¢1Ga11on 
-
** S/Hr 
~545.50 
749.53 
243.19 
017.86 
887.84 
675.07 
597.3S 
030.3S 
<~ 
TOTAL 10C 
t $/N.Mi. Kval1a61e ~eat-N.Rl. ** 
13.49 9.24 
5.95 4.07 
3.43 2.35 
2.59 1.78 
2.18 1.49 
" 
1.55 1.06 
1.34 .91 
2.64 1.81 
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TABLE A-46 
DC-8-50DR 
TOTALDOC-t-IOC AND BLOCK SPEED VS DiStANCE 
* .- -
---BtOCK'--SPEED TOTAL DOC-DISTANCE .~ 
cr.autical Mile) Nautical Mile ~ ** Rr S/Hr S/N.Mi. Available ~~at N.Mf. 
-
100 ~289.02. 6.83 4.68 
250 ~223.46 4.16 2.85 
i, 500 ~171. 50 3.23 2.22 
750 ~148.37 2.92 2.00 
1,000 ~133.26 2.78 1.90 
2,000 ~111.30 2.54 1.74 
3,000 ~103.29 2.47 .. 1.69 , 
, 
AVG. STAGE 149.60 2.94 2.01 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
~** TOTAL NUMBER OF SEATS !!' 146 
'., 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973S). $3,658,000 
FUEL COST • 30¢/Gallon 
..• ----~,---
-----1 TOTAL IOC I 
t. 
I 
**-' 
S/Hr S/N.M1. Available Seat-N.Mt. : 
, 
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TABLE A-47 
DC-8-50DR 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
OT:STANCE * BLOCK SPEED TOTAL DOC , 
cr.auti ca 1 Mil ~ ) Nautical Mile ~ ** Rr $/Hr S/N.Mi. ~val1a61e -eat R.Rl. 
-
100 1727.15 9.15 6.27 
250 1676.95 5.70 3.91 
500 ~624 •. 55 4.48 3.07 
750 ~601.19 4.08 2.79 
1,000. ~584.12 3.88 2.66 
2,000 ~561.85 3.58 2.45 
3,000 ~553.72 3.48 . 2.38 
AVG. STAGE h602.39 4.10 2.81 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
, 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973S). $3,658,000 
FUEL COST • 60¢/ Ga 11 on . 
~;:.:: 
.- ---" 
TOTAL 10C 
¢ 
** S/Hr S/N.Mi. Kval1aS1e ~eat-R.Rl. 
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~ (H.MI.) DOC COWONENT 
eRE., 
INSUIW4Ci 
DEPRECIATION 
HAINTEr~ANCE : 
.AIRFRAME 
ENGINE 
FUEL @ 15¢/GAL 
TOTAL DOC 
FUEL @ 3Ot/GAL 
TOTAL DOC 
. 
FUEL @ 60t/GA(. 
TOTAL DOC 
100 
• 77~ 
.044 
.930 
.883 
.459 
.795 
3.884 
1.590 
4.679 
3.181 
6.270 
TABLE A-48----
DC-8-50DR----OOC··COMPONENTS VS DISTANCE (t/A'SNM') 
250 500 750 1.000 
.495 .402 .371 .357 
.029 .023 .021 .020 
,/ 
.597 .484 .447 .430 
···.403 .244 - .190 .164 
.269 .205 .184 .174 
.528 .428 .395 .378 
,. 
2.321 1.786 1.608 1.523 
1.056 .857 .790 .757 
2.849 2.215 2.003 1.902 
2.112 1. 713 1.580 1.513 
3.905 3.071 2.793 2.658 
- -----
AVE. 
2.000 3.000 STAGE 
LENGTH 
.334 .326 .373 
.019 .019 ',,,., .021 
_. 
.402 .392 
. 
.449 
-
, 
--
.124 .111 -- - - .193 _. 
.158 .152 .185 
.353 .345 .397 
-
1.390 1.345 1.618 
J~,0f::~ 
.706 .690 .793 
.-
1. 743 1.690 2.014 
1.413 1.380- 1.587 
2.450 2.380 2.808 
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TABLE-A-49 
DC-8-50ER 
,~~,.<;~---
TOTAl-DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE - --'.- --BlOfK·-SPEED TOTAL DOC 
(ttaut1ca1 Mile) Nautical Mile t 
** Rr $/Hr $/N.Hi. ~val1a61e ~eat N.Al. $/Hr 
100 189 1382.58 7.33 5.02 2545.5( 
250 295 1298.19 4.41 3.02 1749.5: 
500 362 1242.54 3.43 2.35 1243.1 ~ 
750 392 ~217.80 3.10 2.12 ~017 .8f 
1,000 409 1202.74 2.95 2.02 887.8l 
2,000 437 ~179.3·1 2.70 1.85 67'~.0· 
3,000 447 ~170.76 2.62 1.79 597.3f 
AVG. STAGE 390 ~219.14. 3.12 2.14 ~O30.3l 
* FROM nAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMDEr< OF SEATS ;;: 146 
LOAD FACTOR I!: 58.01 
AIRCRAFT PRICE (1973$). $7,620,000 
FUEL COST • 1St/Gallon 
TOTAL IOC ~ 
·A 
t 
** $/N.M1. ~vana61e ~eat-R."f. J 
I 
13.49 9.24 I 
, 
5.95 4.07 
3.43 2.35 ' 
2.59 1.78 
2.18 1.49 -,_. 
1.55 1.06 
1.34 .91 
2.64 1.81 
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TABLE A-50 
DC-8-50ER 
TOTAL DOC ,: '-IOC AND BLOCK SPEED VS D,t:Slf;AN€E, 
-
* 
.. / 
DISTANCE BLOCK SPEED TOTAL DOC 
, 
.. 
(Nautical Mile) Nautical Mile t Rr . $/Hr $/N.Mi. ~yalh.61e ~eat R.m. 
100 1600.79 8.48 5 .}, .0 I 
250 1514.64 5.15 3.53 
500 ~455.93 4.02 2.75 
750 ~429.85 3.64 2.49 
1.000 ~413.16 i 3.46 2.37 
2,000 ~388.39 3.18 2.18 
3,000 ~379.35 3.09 . 2.11 
AVG. STAGE ~431.23 3.66 2.51 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS· 146 
, 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $7,620,000 
FUEL COST = 30tt/Ga1lon 
** $/Hr 
.;: 
.- ·c···· 
T01JAt -IOC\~= .. 
t 
** $/N.Mi. ~yafla61e ~eat-R.Rf. 
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* DISTANCE , BLOCK SPEED 
TABLE-,A-51 
DC-S-50ER 
TOTAL DOC. IOC AND BLOCK SPEED VS Dt-STANCE 
TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ ** Rr ~va~'a6'e Seat N.Mr. 
"I", 
$/Hr $/N.Mi. 
100 ~037.25 10.S0 7.40 
250 ~947 .54 6.62 4.54 
500 ~SS2.74 5.20 3.56 
750 ~S53.96 4.72 3.23 
1,000 ~S34.00 4.49 3.0S 
2,000 ~S06.55 4.14 2.S3 
3,000 796.53 4.02 2.75 
AVG. STAGE S55.41 4.75 3.25 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 146 
LOAD FACTOR = 58.0S 
AIRCRAFT PRICE (1973$). $7,620,000 
FUEL COST • 60¢/Ga11on 
." ' "I n I n 1111111111 t 1.1 II llll1m II 911 r 1111 ... ' I AI lIiII 
TOTAL IOC - - - -
¢ 
** $/Hr $/N.Mi. ~vat'a61e Seat-N.At. 
.:::.:;: 
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~. DOC COMPONENT 
CREW 
mSURANCE 
DEPRECIATION 
r'1AINTENANCE: 
AIRFRAME 
ENGINE 
FUEL @ 15UGAI. 
TOTAL DOC 
FUEL @ 30t/GAL 
TOTAL DOC 
, 
FUEL @ 60t/GAL 
TOTAL DOC 
t i'; "'1'.' '11111111110 nn AIiAlm '''1111 JlIlII "'-"', 
100 
.773 
.092 
1.936 
.883 
.543 
.792 
5.019 
1.584 
5,811 
3.169 
7.396 
TABLE A-52 
DC-B-SOER - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
250 500 750 1,000 
.495 .402 .371 .357 
.060 .048 .044 .043 
1.242 1.008 .931 .895 
.403 .244 .190 .164 
.319 .24J .218 .206 
.504 .404 .370 .353 
3.023 2.349 2.124 2.018 
1.008 .807 ,,740 .706 
3.527 2.752 2.494 2.371 
2.016 1.614 1.480 1.413 
4.535 3.559 3.234 3.078 
2.000 
.334 
.040 
.836 
.124 
.188 
.328 
1.850 
.656 
2.178 
1.312 
2.834 
AVE. 
3.000 STAGE 
LENGTH 
.326 .373 
.039 .044 
.817 .935 
.111 .193 
.181 .219 
.320 .372 
1.794 2.136 
.639 .743 
2.113 2.507 
1.278 1.487 
2.752 3.251 
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TABLE A-53 
DC-8-61R 
TOTAL DOC •. IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Naut;ca1 M;le t 
- Rr $/Hr $/N.ML ~vai1a61e ~eat N.Ri. 
100 169 1551.44 9.15 4.51 
250 281 1470.89 5.24 2 .. ·58 
500 357 1411.62 3.95 1.95 
750 387 1381.60 3.57 1.76 
1,000 405 1367.86 3.38 1.66 
2,000 435 1349.24 3.10 1.53 
3,000 448 . ~346.34 3.01 1.48 
AVG. STAGE 392 ~379.69 3.52 1.73 
* FROM OAt PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS· 203 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $10,470,000 
FuEL COST • 15t/GALLON 
.. 
** $/Hr 
D871.86 
'095.85 
538.06 
263 •. 53 
111.8S 
854.76 
762.7C 
229.61 
TOTAL IOC 
t $/N.Mi. ~vai1a61e ~eat-N.M;. 
16.94 8.35 
7.46 3.68 
4.31 2.12 
3.27 1.61 
2.75 1 .35 
1.97 .97 
1.70 .84 
3.14 1.5.5 
** 
, 
\; 
.~ 
I 
I ~ I.~ 
/1 
i 
.,::.,~ 
"'-'1 
'j 
1 
-" 
L-·' .. :'· .... Io!AIIj(, .. /'" . Q. - .;. - "''''. ~t~ .~1ii@jtij~efl!tli'M:fWe'r'W"M*' ....... N"' .. .el!"'" ....... , ......... ,~,.:L .. _'_ ........... ..--.................. ,;;). ~'".~ ....... ~ ........ ~ ........ or ,;+ ,.· ...... rltrtllif'h :ii" ......... ·fi"f'tltirt· .•.••• 7.' ''BEll 
, .a.&I'· -l7fUs-z' -;;;";;;;;;2.9& * 44$ '1.~3lilIIAMb"""~i·1 '.. .R _'liU ttC e!t ._"a~~:=1 .. ----- .. --....,--.-.--~:eo:.~ --. ......-~ . ..-~, ..,..,... .. ,,!,~"..-~"-.,.,... ),44 ~ PS{~ 
~ , 
• c_ I ~ ,
! 
t 
L 
~ 
F I 
~ 
! 
! 
" I-
e 
,-
f~ I 
r 
l' 
C. 
~ 
r." 
~ 
CO 
~ 
TABLE A-:~4 
DC-8-61R 
TOTAL DOC. IOC AND BLOCK SPEED VS DISTANCE 
* 
DISTANCE --BLOCK -SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.M1. Avai1ai1e Seat N.Mi. 
100 1771.79 10.45 5,15 
250 . 1690.89 6.02 2.97 
500 1629.81 4.56 2.25 
750 1597.69 4.13 2.04 
1,000 1585.74 3.92 1.93 
2,000 1574.82 3.62 1.78 
3,000 1578.5S 3.53 1.74 
AVG. STAGE 1597.43 4.07 2.01 
* FROM DhC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
-** TOTAL NUMBER OF SEATS = 203 
LOAD FA.CTOR = 58.0% 
AIRCPAFT PRICE (1973$) = $10,470,000 
FUEl. COST = 301t/Gallon 
** 
I 
TOrAl 10e-- --. 
¢ 
** $/Hr $/N.M1. Avai'~b1e Seat-N.Mi. 
.. 
! 
I 
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TABLE A-55 
DC-8-61R 
TOTALDOC~IOC AND BLOCK SPEED VS DISTANCE 
N 
00 
w 
* DISTANCE BLOCK SPEED TOTAL DOC 
(r4auti ca 1 Mi 1 e) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Avai1ai1e Seat N.Ri. 
100 ~212.50 13.05 6.43 
250 ~.130.91 7.59 3.74 
500 ~066.18 5.79 2.85 
750 ~029.87 5 .. 25 2.59 
1,000 ~021.50 4.99 2.46 
2,000 ~025.98 4.66 2.30 
3,000 ~043.06 4.56 .2.25 
AVG. STAGE ~032.92 5.18 2.55 
.-
* FROM DAC PERFORMAN.CE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 203 
LOAD FACTOR = 58.0% 
·AIRCRAFT PRICE (1973$) s $10,470,000 
FUEL COST = 60t/Gul1on 
, 
** $/Hr 
~ •. 4~ 
'o:lUL~""""'~l"",", ~r~I.,4;+·~~~~~.~~ ;:.,. ........ ,~~ ........ ~~~:..i.>iol'1t--'>~~, 
TOTAL IOC 
¢ 
** $/N.Mi. ~vai1ab1e Seat-N.Rt. 
N 
co 
~ 
:~ (N.rn. ) DOC CO,..,ONENT 
CREW 
INSURANCE 
DEPRECIATION 
r'~INTENANCE : 
AIRFRAME 
ENGINE 
FUEL @ 15t/GAL 
TOTAL DOC 
FUEL @ 30t/GAL 
TOTAL DOC 
. 
FUEL @ 60¢/GAL 
TOTAL DOC 
.- -------~---
100 
.624 
.093 
1.945 
.783 
.424 
.640 
4.509 
1.281 
5.150 
2.562 
6.431 
aA! lISiLtiUiiCn:a:i:a!tti. tr!\I!IUIecu:xua; all' 1$ tcd~"_", __ ~ _______________________ _ 
TABLE A~36 
1lC-8-61R __ ~ .OO.C ___ C.OfllPONENTS VS DISTANCE (t/ASNM) 
AVE. 
250 500 750 1,000 2,000 3.000 STAGE 
LENGTH 
.376 .296 .274 .261 .243 .236 .270 
.056 .044 .041 .039 .036 .035 .040 
1.174 .923 •. 853 .814 .758 .737 .841 
" 
.350 .206 .159 .135 .100 .088 .153 
.238 .177 .159 .150 .136 .130 .156 
.386 .301 .275 .265 .256 .256 .274 
2.580 1.947 1.761 1.664 1.529 1.482 1.734 
.772 .602 .550 .530 .511 .511 .547 
2.966 2.248 2.036 1.929 1.784 1.737 2.007 
1.543 1.204 1.101 1.060 1.022 1.022 1.094 
3.737 2.850 2.587 2.459 2.295 2.248 2.554 
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TABLE A-57 
DC-8-61DR 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
_. I . - ' 
,0'" '* 
DISTANCE BLOCK SPEED TOTAL DOC 
(Nauti ca 1 t~i 1 e) jo~autical Mile ¢ 
** Hr $/Hr $/N.Mi. Available Seat N.Mi. $/Hr 
100 169 1237. 1 ~ 7.30 3.60 ~871.8t 
250 281 1159.8~ 4.13 2.03 ~095.8! 
500 357 1101 .6~ 3.08 1.52 538.0f 
750 387 1072.1S 2.77 1.37 263. 5~ 
1,000 405 1059.29 2.62 1.29 111.8f 
2,000 435 1044.10 2.40 1.18 854.7f 
3,000 448 1045.21 2.33 o 1.15 762.7C 
AVG. STAGE 392 1070.61 2.73 1.35 229.61 
*, FROM DAC PERFORt-1ANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 203 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$)= - $5,750,000 
FUEL COST = 15t/Ga 110n 
TOTAt lOC 
¢ $/N.M;. Avai'ab1e Seat-N.M;. 
16.94 8.35 
7.46 3.68 
4.31 2.12 
3.27 1.61 
2.75 1.35 
1.97 
.97 
1.70 
.84 
3.14 1.55 
** 
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TABLE A-58 
DC-8-61DR 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTAN~E 
* DISTANCE BLOCK-SPEED.. . TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Available Seat N.~i. 
100 ~481. 75 8.74 4.31 
250 1406.08 5.01 , 2.47 
500 ~346.06 3.77 1.86 
750 ~314.59 3.40 1.68 
1,000 ~304.09 3.22 1.59 
2,000 ~299.56 2.99 1.47 
'3,000 ~311.19 2.93 .1.44 
AVG. STAGE .~314.95 3.35 1.65 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 203 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $5,750,000 
FUEL COST = 30¢/Gal1on 
** 
-
~ _. 
TOTAL IOC 
-
¢ 
** $/Hr $/N.Mi. ~vai'ab'e ~eat-N.Mi. 
-
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TABLE A-59 
DC-8-61OR 
TOTAL DOC, lot AND BLOCK SPEED VS DlSTANCE 
* . 
DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ ** Hr $/Hr $/N.Mi. Available Seat NJMr. 
100 1970.93 11.63 5.73 
250 1898.47 6.76 3.33 
500 1834.93 5.14 2.53 
750 1799.42 4.65 2.29 
1.000 1793.67 4.43 2.18 
2.000 ~810.48 4.16 2.05 
3,000 h843.14 4.12 2.03 
AVG. STAGE h803.62 4.60 2.27 
* FROM OAC PERFORr·1ANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 203 
, 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $5,750,000 
FUEL COST = 60¢/Ga 11 on 
TOTAL lot 
¢ 
** $/Hr $/N.Mi. ~vai'ab'e Seat-N.Mi. 
~ --.-----~ ---_._--_._- -- -- --------
L 
E.., ~ 1",,";"U_~,.,nlMsi.":"~d:_~_~~"-'~"~ • . ~~; ..... ~.,--,~.,," ... :,~..l._~_.,.,.~'"...:~J~,,~~_!-...h~'_~'''''''''- . ..lat.£"""-'~'~~W"""~<;_<.<·'sk- r€r: ifStlki8r'.d· ... ··ifltlwlf'tf#lbr 'Y;;-;;;.h"reztAri64Itl J ttYttttiHfb.* ·~tftft'r 'eitflSte 
r.~ ... ':. 
''-':' 
O'~l .~~ 
~ 
I 
t 
i 
t 
I 
I 
i 
". 
N 
GO 
GO 
I 
! , 
I 
I 
I 
I 
I 
I 
I 
• I 
I 
i 
I 
I 
1 
i 
I 
I 
I 
~ (N.MI.) DOC COft»ONENT 
CREW 
INSURANCE 
DEPRECIATION 
MAINTENANCE: 
AIRFRAME 
ENGINE 
FUEL @ 15¢/GAL 
TOTAL DOC 
FUEL (!l 30¢/GAL' 
TOTAL DOC 
FUEL @ 60¢/GAL 
TOTAL DOC 
100 
.624 
.051 
1.068 
.783 
.359 I 
.7.11 
3.596 I I 
I 
1.422 I 
4.307 I 
, 
2.843 
5.728 
TABLE A-60 
DC-8-61DR - DOC COMPONENTS'VS DisTANCE (¢/ASNM) 
250 500 750 1.000 
" 
.376 .296 .274 .261 
.031 .024 .022 .021 
.644 .507 .468 .448 
~ 
.350 .206 .159 .135 
-
.201 .149 .134 .126 
, 
.432 .~37 .309 .298 
2.034 1.519 1.366 1.289 
.864 .674 .618 .596 
" 
2.466 1.856 1.675 1.587 
1.727 1.349 1.236 1.191 
3.329 2.531 2.293 2.182 
--
-- ----
AVE·. 
2.000 3.000 STAGE 
LENGTH 
.243 .236 .270 
-'<-~;:. 
.020 .019 .022 
~417 .404 .461 
.100 . -- --:088 .153 
- -
.114 .110 .132 
" 
.289 .293 .307 I 
I 1.183 1.150 1.345 
I 
I 
.579 .585 .:614 I 
I 
, 
1.473 1.442 1.652 
1.158 1.171 1.228 
2.052 2.028 2.266 
--, ----- '-----
-
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TABLE A-6T 
OC .. 8-61ER 
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TOTAL DOC. IOC AND BLOCK SPEED VS DISTANCE _. .j 1 -~ 
)":i 
..... 
t~ 
N 
00 
\0 
* 
.-
. 
DISTAr~CE BLOCK SPEED TOTAL DOC 
(r~auti ca 1 '·1i 1 e) Nautical Mile . ¢ 
Hr $/Hr S/N.Hi. ~vai1ab'e Seat N.Ri. 
100 169 1554.64 9.17 . 4.52 
250 281 1474.93 5.25 2.59 
500 357 1415.66 3.96 1.95 
750 387 1385.71 3.58 1.77 
1,000 405 1372.22 3.39 1.67 
2,000 435 1354.93 3. i2 I 1.54 
3,000 448 h353.68 3.02 1.49 
AVG. STAGE 392 h383.93 3.53 1.74 
* FROM DAC PERFORt·1ANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 203 
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973S) = $10,360,000 
FUEL COST = 15¢1Ga11on 
TOTAL IOC 
¢ 
** ** $/Hr S/N.Hi. Avai1ab1e Se~t-N.Rt. 
~871.86 16.94 8.35 
~O95.85 7.46 3.68 
538.0E 4.31 2.12 
263.53 3.27 1.61 
111.8S 2.75 1.35 
854.76 1.97 . .97 
762.7~ 1.70 .84 
229.61 3.14 1.55 
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TABLE A-;;62-
DC-8-61ER 
TOTAL DOC~- IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Uautical Mile) Nautical Mile ¢ 
** Hr $/Hr $/N.Mi. Avai1able Seat N.Mi. 
"-
-100 1785.54 10.53 5.19 
250 1706.34 6.07 2.99 
500 ~645.27 4.61 2.27 
750 ~613.27 4.17 2.06 
'1,000 ~60l.82 3~96 1.95 
2,000 ~593.55 3.67 1.81 
3,000 n600.63 3.57 -1.76 
AVG. STAGE p613.27 4.11 2.03 
-
* FROM DAC PERFORHANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 203 
LOAD FACTOR = 58.0~ 
AIRCRAFT PRICE (1973$) = $10,360,000 
FUEL COST = 30¢/Ga 11 on 
,-
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TOTAL 10C 
¢ 
** $/Hr S/N.Mi. ~vailable ~eat-N.M1. 
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TABLE A-63 
DC-8-61ER 
TOTAL DOC,IOCAND BLOCK SPEED VS DISllNCE 
* , BLOCK-SPEED-- --- TOTAL DOC DISTANCE 
(riauti ca 1 Mi 1 e) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Available Seat N.Mi. 
-
100 2247.36 13.26 6.53 
250 ~169.l3 7.72 3.aO 
500 ~104.48 5.89 2.90 
750 ~068.39 5.35 2.64 
1,000 ~061.02 5.09 2.51 
2,000 ~070.81 4.76 2.35 
3,000 r,094.52 4.68 ' 2.30 
AVG. STAGE ~071.94 5.28 2.60 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 203 
, 
LOAD FACTOR = 58.0';' 
AIRCRAFT PRICE (1973$) = $10,360,000 
FUEL COST = 60¢/Ga11on 
** 
-
~~--.-.. -~-.- " 
TOTAL IOC. 
- -~-
¢ 
** $/Hr $/N.Hi. ' Available Seat-N.M1. 
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~ '(N.MI.) DOC COMPONENT 
CREW 
INSURANCE 
DEPRECIATION 
MAINTENANCE: 
AIRFRAME 
ENGINE 
FUEL @ 1St/GAL 
TOTAL DOC 
FUEL @ 30e/GAL 
TOTAL DOC 
FUEL @ 60UGAL 
TOTAL DOC 
100 
.624 
.091 
1.925 
.783 
.424 
.671 
4.518 I 
1.342 
5.189 
2.684 
6.531 
TABLE A-64 
DC-8-61 ER - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
" 
25.0 500 750 1,000 
.376 .296 .274 .261 
.055 • 044 .040 .038 . 
1.162 .913 .844 .806 
.350 .206 .159 .135 
.238 .177 .159 .150 
I !; 
.406 .317 .290 .280 
2.587 1.953 1.766 1.670 
.811 .633 .580 .i59 
2.992 2.269 2.056 1.949 
1.623 1.267 1.160 1..118 
3.804 2.903 2.636 2.508 
'::\-' 1 -.. -- ", AVE-. 2,000 3,000 STAGE 
LENGTH 
.243 .236 .270 
.036 .035 .039 
.750 .728 .832 
' -
.100 .088 .153 
.136 .130 .156 
I 
.270 .272 .288 
1.535 1.489 1.738 
.541 .544 .516 
1.806 1.761 2.026 
1.081 1.087 1.152 
2.346 2.304 2.602 
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TABLE A-;;.6S-
i) 
DC-9-10R 
TOTAL DOC, laC AND BLOCK SPEED VS DISTANCE 
* -
---fOTAL-roc------------ ---
DISTANCE BLOCK SPEED TOTAL DOC 
I (Nautical Mile) Nautical Mile ¢ 
** 
¢ 
** Hr $/Hr S/N.Hi. Xva;1ab1e Seat N.M;. S/Hr S/N.Hi. Xva;1ab1e Seat-N.Ml. 
100 185 598.39 3.23 4.62 1068.04 5.77 8.24 
250 291 590 .• 97 2.03 2 .. 90 747.0 2.57 3.67 
500 352 580.58 1.65 2.36 531.81 ' 1.51 2.16 
750 381 575.30 1.51 2.16 439.8 1.16 1.65 
1,000 400 574.31 1.44 2.05 390.2( .98 1.39 I 
1,250 401 574.39 1.41 2.01 355.7· .87 1.24 
1,500 417 575.79 1.38 , 1.97 333.11 .80 1.14 
" 
AVG. STAGE 309 587.49 1.90 2.71 685.3( 2.22 3.17 
'---
* FROM DAC PERFORMANCE DATA FOR 8ASEU~~E FLIGHT PROFILES 
- .----~ ----
** TOT~L NUM8ER OF SEATS = 70 
___ . __ .. __ ._ --_0-
LOAD FACTOR = 58.0% 
AIRCRAFT PRICE (1973$) = $2,500,000 
FUEL COST = 15¢/GALLON 
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TABLE A-66 
DC-9-l0R 
TOTAL Doe, IOC AND BLOCK SPEED VS DISTANCE 
-
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 694.37 3.75 5.36 
250 695.93 2.39 3.·42 
500 686.07 1.95 2.78 
750 680.20 1.79 2.55 
1,000 680.77 1.70 2.43 
1,250 682.68 1.67 2.39 
1,500 686 • 641 1. 65 . 2.35 
AVG. STAGE 692.111 2.24 3.20 
1...-_ 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 70 
LOAD FACTOR = 58;Q% 
AIRCRAFT PRICE (1973$) =- $2,500,000 
FUEL COST = 30ft/GALLON 
** 
TOTAL IOC 
¢ 
$/Hr $/N.Mi. ~vailab'e Seat-N.Mi. ** 
~ 
.~ 
~ j 
1 
,j 
~ 
.l 
·1 
~ 
1 
.", 
'~ 
.-
~ 
i 
. l 
~ 
1 
;} 
.~ l~i 
\" 
'~,,,._ .. iII'iIi."llti 11I1I1 •• flilifll.wr_ii'IIIiIII'IIIIIClI_UII HillY _.1_ RlIII.? 11111111111. Q, 1111 II .lllU! '111 lin., III II ,J.,IIL 7 , I LJI ! A$ 
"'iL,JoE .... ,_,~~'k .. ~Wiiet ... tfi~~.../L~~ee6 'elw*"w'r& L~"'ftw! deet:!",)f:1" 'i"'b .... ··ifi-g t'f' W;" Sw+'.t"'Ss ,d+ "':!It ·!·"'tih$'# .. Wft, .# __ 1 tfittt.&wir1i 'M'ntWritft~~~",tZ!Md" ·"re-
~:. :::--·;_.,~co~~;-c:, -:.- ---
f 
i: 
i: 
!. 
I: 
I , 
- N 
~. 
TABLE _A~67 
DC-9-10R 
=."'~ 
TOTAL DOC. IOC AND BLOCK SPEED VS DISTANCE 
* ----- BLOCK SPEED- - TOTAL DOC DISTANCE 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. ~ya;'a6'e Seat N.Rl. 
100 886.33 4.79 6.84 
250 905.86 3.12 4 •. 45 
500 897.05 2.55 3.64 
750 889.99 2.34 3.34 
1,000 893.69 2.23 3.19 
1,250 899.26 2.20 3.14 
1,500 908.33 2.18 3.11 
AVG. STAGE 901.36 2.91 4.16 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 70 
LOAD FACTOR • 58.01 
ArRCRAFT PRICE (1973$). $2,500,000 
FUEL COST • 60ft/GALLON 
** 
-__ .,...~J,.,,~_ 
\ TOTALIOC 
$/Hr $/N.Mi. It ~yai1a6'e Seat-NJn. ** 
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TABLE A-68-
DC-9-10R -DOC-COMPONENTS VS DISTANCE (t/ASNM) ~ - ---(N.HI.) 100 -, 250 500 ' 750 1,000 DOC COMPONENT 
CREW 1.144 .729 .602 .557 .530 
--
INSURANCE .076 .048 .040 .037 .035 
DEPRECIATION 1.588 1.012 .835 .ni .735 
MAINTENANCE: 
AIRFIW£ .582 .317 .233 .204 .188 
ENGINE .486 .282 .218 .l95 .183 
FUEL @ 15t/GAL .740 .516 .428 .394 .380 
TOTAL DOC 4.616 2.904 2.356 2.159 2.051 
FUEL @ 3Ot/GAL ' 1.481 1.032 .856 .787 .760 
TOTAL DOC 5.357 3.420 2.784 2.552 2.431 
FUEL , 60tlGAl 2.962 2.063 1.712 1.574 1.521 
TOTAL DOC 6.838 4.451 3.640 3.339 3.192 
.----............... -~~ .. ~"...,.~~.,.........-'-~.~ .. -. 
AVE. 1,250 1,5QO STAGE 
LENGTH 
.519 
.509 .685 
.034 
.033 .045 
.720 
.706 .951 
.• 180 
.174 .289 
.177 
.172 .260 
- ... -
.379 .380 .483 
2.009 1.974 2.713 
.757 
.760 .967 
2.387 2.354 3.197 
1. 515 1.520 1.933 
3.145 3.114 4.163 
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TABLE A-69--
OC-9-30R 
::-.:"--:::-.-: 
- -,~ . ~~ .... ...,:; ...... ~-.-,.....,--~-
.:-::-:::::::':'::-.":_'~4~_ 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
. "",!,:,,,'r-r-.~ -.~ ,,- ' .. ,- ._- - .. ~ 
~::::; ::'"L~~":>'1:~._ •.. ~~;,;:7'C.-...r~,. 
ij 
I' .~ 
I DISTANCE BLOCK SPEED TOTAL DOC TOTAL IOC j /1 
. , 
'"',.l 
\ 
N 
\0 
..... 
(Nautical Mile) Nauti ca 1 Mil e t Hr $/Hr $/N.M1. ~val'a6'e ~eat N.Ri. 
100 182 654.31 3.60 3.91 
250 284 639.25 2.25 2.·45 
500 355 628 •. 14 1.77 1.93 
750 381 620.27 1.63 1.77 
1,000 397 616.58 1.55 1.69 
1,250 406 615.14 1.51 1.64 
1,500 417 615.37 1.48 1.61 . 
AVG. STAGE 302 638.09 2.11 2.30 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 92 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $3,970,000 
FUEL COST • 1St/GALLON 
** $/Hr $/N.Mi. 
1305.3( 7.18 
914.4 3.22 
670.8 1.89 
554.2 1.46 
490.64 1.24 
450.7~ 1.10 
422.9~ 1.02 
861.m 2.85 
--.------
t ~v.ai'a6'e ~eat-N.r.;t. ** 
7.80 
3.50 
2.06 
1.58 
1.34 
1.20 
1.10 
3.10 
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* DISTANCE BLOCK SPEED 
(Nautical Mile) Nautical Mile 
Rr 
100 
250 
500 
150 
1,000 
1,250 
1,500 
AVG. STAGE 
TABLE A~70 
OC-9-30R 
TOTAL DOC, IOC AND BlOCK SPEED VS DISTANCE 
TOTAL DOC 
, ¢ ** $/Hr $/N.Mi. ~vailable Seat R.Ri. 
752.81 4.14 4.50 
747.00 2.63 2.,86 
739.98 2.09 2.27 
731.42 1.92 2.09 
728.01 1.83 1.99 
727.62 1.78 1.94 
729.82 1.75 1.90 
748.05 2.48 2.69 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 92 
LOAD FACTOR = 58.0S 
AIRCRAFT PRICE (1973$). $3,970,000 
FUEL COST = 30t/GALLON 
$/Hr 
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TOTAL IOC 
¢ 
$/N.Mi. ~vaila61e ~eat-N.R'. ** 
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TABLE A-7l 
DC-9-30R 
TOTAL DOC. lOt AND BLOCK SPEED VS DISTANCE 
-
_. ".- ",,----- ", * 
DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Hi. Available ~eat N.Ri. 
100 949.83 5.22 5.68 
250 962.48 3.39 3 •. 68 
500 963.67 2.72 2.95 
750 953.73 2.51 2.72 
1,000 950.86 2.40 2.61 
1,250 952.57 2.33 2.53 
1,500 958.73 2.30 2.50 
AVG. STAGE 967.97 3.20 3.48 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL ~UMBER OF SEATS = 92 
LOAD FACTOR = 58.0S 
AIRCRAFT PRICE (1973$) z $3,970,000 
FUEL COST = 60t/GALLON 
** 
I 
. "- -_~ ___ """"''''1IOooIIe 
TOTAL IOC 
$/Hr S/N.Mi. 
¢ 
Available ~eat-R.R~. ** 
-
I i J 
;:"'. . ,.iOiiIIlIJIW '.1. If IIWIIIIIIIIDIIIIIM_U 1!IiII~ffi!:, , Wii .. l ,: I , "i2'I!!'1;'IIiIIImn"'4iBi IIIIIIil , , '111m , US! , lillillil, -.,.... , Q] , • 
a;!.~ ,.' 4n-- ~k&!'d'ime d4w,1rtW"b ';.~i ri{*Mrih2'M ....tPs, 'M - ;iw.M", A.~.';., "t\'iMW " 1t6 ., dSt " Dr; "Z-rtrC'ytGtye"lOO.#", t,-·::....;d,;:~UtAAFW '.t\;':","~~~""".~~;.Jal~u:~.tH=+if!i£e.rn*: "i:4~." jjN.;'iEe(·~ ."i<di"itra 
.. ~ 
_,-,-,"'~'.'~"'_' - . ":; .... _7.'~." _' .... " ." > -'~''''''';-:::''_'-'-~~''';;;>''_~!'''''',,-~._ .... :'. ___ ~;r_ ~,..".~.~~~,.""",-..,--............-.~ •. --.- :~""~-·~'''1'~~·~·-'-'''''''---'~'-''"7'''-~-··~''''''·''''--T''i''~'';· ~ 
,III: V1ili53Ef·m7l.LIIl!ii_L"'",., ____ =---~____'=~~~'"====_""""=""".~~_~ __ ~ . __ ~""==_==,1.,_,,_""""""'~""'"'= __  __ '"'______ 
r. 
'", 
TABLE A:';;'72-
DC-9-30R - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
~ (N.rotI.) 100 250 500 750 1,000 DOC COfltPONENT 
CREW .894 .572 .458 .427 .410 
INSURANCE .079 .051 .040 .038 .036 
DEPRECIATION 1.385 .886 .710 .661 .635 
~ WUNTENANCE: 
o 
AIRFRAME .590 .306 .209 .179 .- .163 
ENGINE .375 .219 • ]65 .148 .140 
.--. 
FUEL @ 1St/GAL .589 .412 .343 .318 .305 
TOTAL DOC 'I 3.912 2.446 1.925 1.771 1.689 
FUEL @ JOt/GAL 1.178 .824 .686 .635 .610 
TOTAL DOC 4.501 2.858 2.268 2.088 1.994 
. 2.355 FUEL @ 60t/GAL 1.649 1.372 1.270 1 .2-21 
TOTAL DOC 5.678 3.683 2.954 2.723 2.605 
1,250 1,500 
.398 .390 
.035 .035 
.616 .604 
.153 .147 
.135 .131 
.300 .298 
1.637 1.605 
.599 .597 
1.936 1.904 
1. 197 1.194 
2.534 2.501 
.-_. 
AVE. 
STAGE 
LENGTH 
.538 
.048 
.833 
.278 I 
I 
.203 
.396 
2.296 
.791 
2.691 
1.583 
3.483 
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TABLE A-73 
DC-10-l0R 
TOTAL DOC .JOCAND BLOCK !'PEED YS DISTANCE 
w 
o 
..... 
--
• DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ Rr S/Hr S/N.Mi. Available Seat N.Mi. 
100 164 1559.31 9.51 3.43 
250 275 1436.26 5.23 1. .. 89 
500 355 1347~52 3.80 1.37 
750 389 1301.41 3.35 1.21 
1,.000 408 1274.9C 3.12 1.13 
2,000 445 1237.0f 2.78 1.00 
3,000 459 1229.52 2.68 .97 
AVG. STAGE 399 1285.92 3.22 1.16 
• FROM OAt PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS· 277 
LOAD FACTOR • 58.01 
AIRCRAFT PRICE (1973$). $14,100,000 
FUEL COST • 15¢/Ga 11 on 
..... ~~~lIJ....&d'4t ' ... lifift+e •• iw+fID,.<:...:.r.>.,~~._.i .... _,...:~,~ .• ~ .tda'lL¥'-W;ft·Jf+.ii:'_'"t _ !..!tili..u ,.ttfr ";I±t*,*' -~'~"'';~'~ 
** $/Hr 
B955.25 
~903.02. 
t>144.31 
~769.2( 
553.22 
192.33 
057.3S 
652.37 
TOTAL IOC 
-I 
, 
S/N.Mi. 
¢ •• 1 Available Seat-N.M1. I 
-~ 
24.13 8.71 
10.57 3.82 
6.05 2.18 
4.55 1.64 
3.81 1.37 
2.68 
.97 
2.30 
.83 
4.14 1.49 
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TABLE A-74--
DC-10-10R 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* 
'" 
- BLOCK SPEED TOTAL DOC DISTANCE 
(r'aut i ca 1 M11 e ) Nautical Mile t Rr $/Hr $/N.Mi. Available Seat R.Ri. 
100 1839.05 11.22 4.05 
250 1718.59 6.26 2,.26 
500 1631. 74 4.60 1.66 
750 1583.94 4.08 1.47 
1,000 1556.49 3.81 1.38 
Z"OOO 1523.96 3.42 1.24-
3,000 1525.02 3.32 1.20 
AVG. STAGE 15~6. 7S 3.93 1.42 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS. 277 
LOAD FACT~R • 58.01 
AIRCRAFT PRICE (1973,$). $14,100,000 
FUEL COST • 30¢lGallon 
** 
TOTAL IOC 
t 
** $/Hr $/N.Mi. Available Seat-N.M'. 
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TABLE A-75 
DC-10-10R 
TOTAL, DOC. IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC TOTAL IOC 
(Nautical Mile) Nautical Mile ¢ ¢ 
Rr - S/Hr $/N.Mi. Avaiia61e Seat N.Mi. ** $/Hr $/N.M1. Available Seat-N.Mt. ** 
VJ 
o 
w 
100 2398.54 14.63 5.28 
250 2283.26 8.31 3 •. 00 
500 2200 .. 17 6.20 2.24 
750 2149.00 5.53 2.00 
1,000 2119.66 5.19 1.88 
2,000 2097.73 4.71 1.70 
3,000 2116.03 4.61 1.66 
AV( •• STAGE 2128.49 5.33 1.93 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS • 277 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $14,100,000 
FUEL COST • 60¢l Ga 11 on 
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~ (N.MI~ ) DOC COfoPONENT 
CREW 
I1,SURANCE 
DEPRECIATION 
f-IAINTENANCE: 
AIRFRAME 
ENGINE 
FUEL @ 15¢/GAL 
TOTAL DOC 
FUEL @ 30¢/GAL 
TOTAL DOC 
FUEL @ 60¢/GAl 
TOTAl:. [DOC 
100 
.489 
.09] 
.992 
.972 
.270 
.616 
3.434 
1 
I 
1.232 I 
I 4.050 
I 
2.464 
, 
5.282 
TABLE A-76 
DC-10-10R - DOC COMPONENTS VS DISTANCE (¢/AStJM) 
-
250 500 750 1.000 2.000 
.292 .226 .206 .196 .180 
.056 .044 .040 .038 .035 
.592 .459 .419 .399 .~65 
.423 .241 .180 .150 .104 
.153 .113 .102 .096 .086 
-
.371 .289 .262 .249 .232 
1.887 1.372 1.209 1.128 1.002 
.742 I .578 .525 .498 .465 2.258 1.661 1.412 1.371 1.235 
1.484 1.157 1.050 .996 .930 
3.000 2.240 1.997 1.875 1. 700 
I 
-
....,..-~-,-\~T .... '_-'.,..... _,~ - ..... _~,-~ , 
AVE,. 
3.000 STAGE 
LENGTH 
.175 .201 
.034 .039 
.354 .408 
.089 .164 I 
.082 .098 
I 
I 
.232 .254 
.966 . 1.164 
.464 .508 
1.198 1.418 
.929 1.016 
1.926 J 1.663 
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TABLE A~n _. 
DC-10-40R 
TOTAL DOe-, IOC AND BLOCK SPEED VS DISTANCE 
* 
DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile t ** Rr $/Hr $/N.Mi. ~yal1a61e ~eat N.R1r. 
100 164 1746.61 10.65 4.23 
250 275 1590.24 5.79 2.30 
500 355 1477.49 4.17 1.65 
750 389 n422.59 3.66 1.45 
1.000 408 1391.08 3.41 1.35 
2,000 445 ~343.09 3.02 1.20 
3,000 459 ~334.98 2.91 1.15 
AVG. STAGE 399 h437.1l 3.78 1.50 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTJI.l NlIr-1llER OF SEATS = 252 
, 
LOAD FACTOR = 58.0S 
AIRCRAFT PRICE (1973$) = $16,780,000 
FUEL COST =- 15¢/Ga 11 on 
S/Hr 
~083.6 
~975. H 
~175.9f 
~ 781. 3! 
554.01 
~ 174.03 
~031. 9E 
885.2( 
.~~ --,.:-- ~- -~ ~-~- '" .-- ~.~~ 
TOTAL 10C 
S/N.Mi. 
t 
~yal1a5ie ~eat-N.Rl. 
24.91 9.89 
10.83 4.30 
6.14 2.44 
4.58 1.82 
3.81 1.51 
2.64 1.05 
2.25 .89 
4.95 1.97 
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TABLE A-78 
DC-10-40R 
TOTAL DOe,lOC AND BLOCK SPEED VS DISTANCE 
* DISTAtICE BLOCK SPEED TOTAL DOC 
(Nautic.al Mile) Nautical Mile t 
Rr S/Hr S/N .• Mi. ~va~1a61e Seat R.R~. 
100 2091.87 12.76 5.06 
250 1919.30 6.99 2.77 
500 1794.88 5.06 2.01 
750 1734.63 4.46 1.77 
1,000 1700.13 4.17 " 1.65 
2s 000 '1652.26 3.71 1.47 
3,000 1654.09 3.60 1.43 
AVG. STAGE 1750.70 4.60 1.83 
~-- --------
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 252 
LOAD FACTOR • 58.0% 
AIRCRAFT PRICE (1973$) =- $16,780,000 
30t/Gallon FUEL COST = 
** $/Hr 
TOTAL IOC 
t 
** $/N.M1. ~vaf1a61e Seat-R.Rl. 
--
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TABLE A-79 
DC-10-40R 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* TOTAL DOC BLOCK SPEED TOTAL IOC 
!~ 
;~ 
1 
,I: 
': 
" 
1 
(Nautical Mile) Nautical Mile t ' . t 
** ** 
".,Iil-~' 
I Rr $/Hr $/N.Mi. ~yana61e Seat N.:r;H. 
100 ~782.38 16.97 6.74 
250 12577.41 9.38 3.72 
500 ~429.65 6.85 2.72 
750 ~358.70 6.07 2.41 
1,000 ~318.24 5.68 2.25 
2,000 ~270.60 5.10 2.02 
3,000 ~292.30 4.99 1.98 
AVG. STAGE ~377 .. 87 6.25 2.48 
* FRGr·1 OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 252 
LOAD FACTOR = 58.0S 
AIRCRAFT PRICE (1973$) =- $161/780,000 
. 
FUEl COST = 60¢/Ga 11 on 
$IHr S/N.Mi. ~ya~1161e Seat-N.Rt. 
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TABLE A-80 
DC-10-40R - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
w 
o 
00 
~ (N.M!. ) DOC COMPONENT 
I CREW 
I 
INSURANCE 
DEPRECIATION 
'-IAI NTENANCE: 
i 
i AIRFRAME 
I 
, 
\ ENGINE I 
I 
I 
I FUEL @ 15(fGAL 
TOTAL DOC 
! FUEL @ 30e/GAL i 
I TOTAL DOC 
t 
i FUEL @ 60t/GAL ' I 
I TOTAL DOC 
I 
100 
i 
.559 
.124 
1.180 
1.186 
.343 
.836 
4.228 
1.672 
5.064 
3.343 
6.735 
--
250 500 750 
.334 .258 .236 
.074 .057 .052 
.704 .546 .498 
.515 .291 .218 
I 
I 
.195 .146 .130 I 
I 
.475 .355 .319 
i 2.297 1.653 1.453 I 
I 
! 
I 
.950 .710 .637 
2.772 2.008 1.771 
1.901 1.421 1.275 
3.723 2.719 L 2.409 
--
-
-
-- --
- -
-- -
1.000 2.000 3.000 
.224 .206 .200 
.050 .046 .044 
.474 .434 .421 
.181 .125 .107 
.123 .110 .106 
.300 .276 .275 I , 
1.352 1.197 1.153 I 
.601 .551 .551 
1.653 1.47.2 1.429 
1.202 1.102 1.102 
2.254 2.023 1.980 
--
---- -
---- -_ .. -
--- ----- .. -
AVE. 
STAGE 
LENGTH 
.241 
.053 
.508 
.235 
.134 
.327 
I 
1.498 I 
I 
I 
.654 I 
1.825 
1.308 
! 2.479 
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TABLE A-81 
DC-10-10M 
TOTAL DOC, loe AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
** Hr $/Hr $/N.Mi. Aval1a61e Seat N.Mi. $/Hr 
{ 
100 164 1684.03 10.27 3.71 
250 275 1547.63 5.63 2.03 
500 355 1449.28 4.09 1.48 
750 389 1398.97 3.60 1.30 
1,000 408 1372.28 3.36 1.21 
2,000 445 1330.13 2.99 1.08 ' 
3,000 459 1320.74 2.87 _ 1.04 
AVG. STAGE 399 1384.22 3.47 1.25 
-------- ------------- -- ---
* FRON DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 277 
LOAD FACTOR • 58.0% 
AIRCRAFT PRICE (1973$). $23,980,000 
FUEL COST • 15¢/GALLON 
3956.9f 
2904.6 
2'i45.8 
1770.2f 
1554.2, 
1192.9 
1057.7 
1653.4 
--------
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TOTAL IOC 
¢ 
$/N.Mi. Available Seat-N.Mi. 
24.14 8.71 
10.57 3.82 
6.05 2.18 
4.56 1.64 
3.81 1.37 
2.68 .97 
2.30 .83 
4.14 1.50 
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TABLE A-82 
DC-l0-l0M 
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TOTAL DOC. IOC AND BLOCK SPEED VS DISTANCE '\ 
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* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 1964.13 11.98 4.33 
250 1827.36 6.65 2 •. 40 
500 1728.73 4.88 1.76 
750 1676.22 4.31 1.56 
1,000 1650.50 4.04 1.46 
2,000 1612.89 3.62 1.31 
3,000 1611.61 3.51 1.27 
AVG. STAGE 1661.65 4.16 1.50 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 277 
LOAD FACTOR • 58.0% 
AIRCRAFT PRICE (1973$). $23,980,000 
FUEL COST • 301t/GALLON 
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TABlEA-83 
DC-la-10M 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE .' BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
** Hr $/Hr $/N.Mi. Avai1a61e Seat N.Rl. $/Hr 
100 2524.35 15.40 5.56 
250 2386.81 8.69 3.14 
500 2287 .6~ 6.45 2.33 
750 2230.7( 5.74 2.07 
1,000 2206.9f 5.41 1.95 
2,000 2178.3~ 4.89 1.77 
3,000 2193.3~ 4.77 1.72 
AVG. STAGE 2216.5~ 5.55 2.01 I __ . _ ... __ , _ 
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* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 277 
LOAD FACTOR • 58.01 
AIRCRAFT PRICE (1973$). $23,980,000 
fUEL COST • 60¢/GAllON 
TOTAL IOC 
¢ 
** $/N.Mi. ~vai'ab1e Seat-N.M'. 
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~ (N.MI. ) 100 DOC COr.-.?ONENT 
CREW .489 
INSURANCE .161 
DEPRECIATION 1.055 
NAINTENANCE: 
AIRFRAME 1.045 
ENGINE .342 
FUEL @ J5"GAL .617 
TOTAL DOC 3.709 
FUEL @ 30 ¢I GAL , 1.234 
TOTAL DOC 4.326 
FUEL @ 60¢l~l 2.467 
TOTAL DOC 5.559 
-- --_ .. - ---_. ---
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TABLE A-84 
OC-10-10 M - DOC COMPONENTS VS DISTANCE (t/ASNM) 
AVE. 250 500 750 1,000 2,000 3,000 STAGE 
LENGTH 
.292 .226 .206 .196 .180 .175 .201 
.096 .074 .068 .065 i .059 .057 .066 
.629 .488 .445 .424 .388 .376 .433 
.. 
-
.456 .260 .195 .162 .114 .097 .177 
.193 .143 .128 .121 .108 .104 .124 
.368 .285 .258 .246 .229 .229 .251 
2.034 1.476 1.300 1.214 1.078 1.038 1.252 I I 
I 
-; 
.735 .569 .515 .492 .458 .457 .502 i 
i 2.401 1.760 1.557 1.460 1.307 1.266 1.503 I 
I 
1.470 1.138 1.030 .• 9B4 .917 .914 1.0041 
3.136 2.329 2.072 1.952 1.766 1.723 2.005 
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TABLE A-85 
DC-l0-l0 D 
TOTAL DOC, ICC AND BLOCK SPEED VS DISTANCE 
w 
.... 
w 
.* DISTANCE BLOCK SPEED TOTAL DOC 
(Nauti ca 1 Mil e) Nautical Mile ¢ 
** 
Hr $/Hr $/N.Mi. ~vaila61e Seat N.Ri. 
100 172 1258.70 7.30 3.67 
250 281 1146.74 4.08 2.05 
500 350 1064.41 3.04 1.53 
750 371 1022.91 2.75 1.38 
1.000 402 1015.59 2.53 1.27 
2,000 434 993.86 2.29 1.15 
3,000 446 991.77 2.22 1.12 
.. AVG. STAGE 382 1013.85 2.66 1.34 
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* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS. 199 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $15.610,000 
fUEL COST • 1St/GALLON 
$/Hr 
~025.60 
~165.51 
~553. 91 
~254.0~ 
1127. P 
862.7~ 
765.2E 
1173.3( 
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TOTAL IOC 
$/N.Mi. ¢ ~vai'a61e Seat-N.M~. 
17.55 8.82 
7.71 3.87 
4.44 2.23 
3.38 1.70 
2.81 1.41 
1.99 1.00 
1.72 
.86 
3.08 1.55 
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TABLE A-86 
DC-10-10 0 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* 
-, 
DISTANCE BLOCK SPEED TOTAL DOC 
-Nautical Mile ¢ 
(Nautical Mile) 
** 
Hr $/Hr $/N.~1i • Available Seat N.M;. 
100 1510.88 8.76 4.40 
250 1379.90 4.91 2 •. 47 
500 1280.92 3.66 1.84 
750 1228.09 3.31 1.66 
1,000 ~ 229 .36 3.06 1.54 
2,000 1214.49 2.80 1.41 
3,000 1220.88 2.74 I 1.38 
AVG. STAGE 1220.16 3.20 1.61 
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* FROM DAt PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 199 
LOAD FACTOR 
• 58.0S 
AIRCRAFT PRICE (1973$). $15,610,000 
FUEL COST • 30¢/GAlLON 
$/Hr 
L.. ___________ 
.-
TOTAL lac 
¢ 
** $/N.Mi. Available Seat-N.Mi. 
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TABLE A-87 
DC-l0-10 D 
TOTAL DOC,IOC AND BLOCK SPEED VS DISTANCE 
.'- . 
* DISTANCE BLOCK SPEED TOTAL DOC 
(r4auti ca 1 Mi 1 e) Nautical Mile t Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 2015.23 11.69 5.87 
250 1846.23 6.57 3 .. 30 
500 ~713 •. 93 4.90 2.46 
750 1639.90 4.42 2.22 
1,000 ~656.89 4.13 2.07 
2,000 1655.74 3.82 1.92 
3,000 1679.10 3.77 1.89 
. AVG. STAGE 1632.77 4.28 2.15 ------ - ------
-
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS· 199 
LOAD FACTOR • 58.01 
, 
AIRCRAFT PRICE (1973$). $15,610,000 
FUEL COST • 60t/GALLON 
** 
.. '" , __ I. 1111" 1.lIMn: II I : I UDlfl!ltllllllk 
, 
... ,j'w t .M .. ,. ...... Ak ..... k(H".y.r'-...!~,~ ..... ~k,_h.-- ~.·"k .... . _~~A6ftW hwt' 1.1'.· 
~ --- .. -TOTAL IOC 
t 
** $/Hr $/N.Mi. Available Seat-N.M'. 
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~ (N.MI. ) DOC COMPONENT 
CREW 
INSURANCE 
DEPRECIATION 
r'lAINTENANCE: 
AIRFRAME 
ENGINE 
FUEL @ 15¢/GAl 
TOTAL DOC 
FUEL @ 30¢/GAl 
TOTAL DOC 
FUEL @ 60t/GAl 
TOTAL DOC 
100 
.617 
.139 
.909 
.926 
.343 
.735 
3.669 
1.470 
4.404 
2.940 
5.874 
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TABLE A-88 
DC-10-10 0 - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
AVE. 
250 500 750 1,000 2,000 3,000 STAGE 
LENGTH 
.379 .304 .287 .265 .245 .239 I .279 
.085 .069 .064 .059 .055 .054 .062 
.558 .448 .422 .390 .361 I ,351 .411 
I 
.414 .245 .191 .160 .117 .103 .175 
.199 .153 .141 .129 .118 .113 .136 
.417 .311 .279 .268 .255 .258 .272 
2.052 1.530 1.384 1.271 1.151 1.118 1.335 
.834 .622 .557 .535 .511 .516 .544 
2.469 1.841 1.662 1.538 1.407 1.376 1.607 
1.668 1.244 1.115 l.070 1.022 1.033 1.087 
3.303 2.463 2.220 2.073 1.918 1.893 2.150 
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TABLE A-89 
DC-10-40M 
TOTAL DOC. IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(r4auti ca 1 Mil e) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. ~vai'a61e Seat N.Ri. 
100 164 1931.77 11.78 4.68 
250 275 1758.12 6.40 2 .• 54 
500 355 1632.91 4.60 1.83 
750 389 1570.04 4.04 1.60 
1.000 408 1536.17 3.76 1.49 
2,000 445 1480.84 3.32 1.32 
3,000 459 1470.01 3.20 1.27 
AVG. STAGE 381 1587.40 4.17 1.65 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT fI'ROFILES 
** TOTAL NUMBER OF SEATS. 252 
LOAD FACTOR • 58.0S 
AlaCRAFT PRICE (1973$). $28,090,000 
FUEL COST • lS¢/GAllON 
** $/Hr 
4088.7~ 
2978. 7~ 
2178.4 
1782.9 
1555.3 
1174.3 
1031.8 
1887.1· 
-
TOTAL 10C 
¢ 
$/N.M1. ~vai1ab'e Seat-N.M;. 
24.94 9.90 
10.84 4.30 
6.14 2.44 
4.59 1.82 
3.81 1.51 
2.64 1.05 
2.25 .89 
4.96 1.97 
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TABLE A-90 
OC-10-40M 
TOTAL DOC~ IOC AND BLOCK SPEED VS DISTANCE 
*--- -_. ~ 
DISTANCE BLOCK SPEED TOTAL DOC 
Nautical Mile ¢ (Nautical Mile) Hr $/Hr $/N.Mi. ~vai'a6'e Seat N.Mi. 
100 2274.34 13.87 5.51 
250 2083.66 7.58 3.101 
500 1946.15 5.49 2.18 
750 1875.78 4.83 1.92 
1,000 1839.90 4.51 1.79 
2,000 1782.99 4.00 1.59 
3,000 1781.49 3.88 1.54 
AVG. STAGE 1896.00 4.98 1.98 
-~ 
* FROM OAI.. PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 525 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $28,090,000 
FUEL COST • 30¢/GALLON 
---
** 
il'~, _,,~ :'.?r 
TOTAL IOC 
¢ 
** $/Hr $/N.Ml. ~vai'ab'e Seat-N.Ml. 
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TABLE A-91 
DC-10-40M 
TOTAL DOC. IOC AND BLOCK SPEEDVS DISTANCE 
* DIS,TANCE .- BLOCK-SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. ~vaf1a61e Seat R.Ri. 
100 ~959.49 18.05 7.16 
250 2734.74 9.95 3 •. 95 
500 2572.64 7.25 2.88 
750 2487.26 6.40 2.54 
1,000 ~447.38 6.00 2.38 
2,000 ~387.29 5.36 2.13 
3,000 ~404.44 5.23 2.08 
AVG. STAGE ~513.20 6.60 2.62 
* FRON OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS. 252 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $28,090,000 
FUEL COST • 60ft/GALLON 
** 
TOTAL IOC 
¢ 
$/Hr $/N.Mi. ~vai1a61e Seat-N.M;. 
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~ (~.MI. ) DOC COfoFOtlENT 
CREW 
niSURANCE 
DEPRECIATION 
r·IAINTENANCE: 
AIRFRAME 
ENGINE 
FUEL @ 1St/GAL 
TOTAL DOC 
FUEL @ 30t/GAL 
TOTAL DOC 
FUEL @ 60t/GAL 
TOTAL DOC 
100 
.559 
.207 
1.359 
1.320 
.402 
I 
.829 
4.676 
I 1.658 
5.505 
3.317 
7.164 
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TABLE A-92 
DC-l0-40 M - DOC COMPONENTS VS DISTANCE (t/ASNM) 
250 500 150 1,000 
.334 .258 .236 .224 
.123 .096 .087 .083 
.811 .628 .573 .546 
I 
.573 .325 .243 .202 
.228 .170 .152 .143 
.470 .350 .312 .295 
2.539 1.827 1.603 1.493 
.941 .701 .624 .591 
3.010 2.178 1.915 1.789 
1.881 1.402 1.249 1.181 
3.950 2.879 2.540 2.379 
2,000 3,000 
.206 .199 
.076 .074 
.500 .485 
.139 .119 
.129 .124 
.269 .269 
1.319 1.270 
.538 .538 
1.588 1.539 
1.077 1.076 
2.127 2.077 
AVE. 
STAGE 
LENGTH 
.241 
.089 
.585 
-
.262 
I .156 
.322 
1.655 
.643 
1.976 
1.287 
2.620 
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TABLE A-93 
DC-l0-40 0 
:". :::. ..... ;'.: 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
*-
DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. ~va;lable Seat N.M;. 
100 164 2016.67
1
12.30 3.76 
250 278 1865.88 6.72 2 •. 05 
500 352 ~ 740 .,57 4.94 1.51 
750 385 ~679.67 4.37 1.34 
1,,000 405 ~645.76 4.07 1.24 
2,000 443 ~594.07 3.59 1.10 
3,000 458 1586.63 3.46 1.06 
AVG. STAGE 376 691.39 4.49 1.37 
--
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 327 
LOAD FACTOR a 58.0% 
AIRCRAFT PRICE (1973$). $31,090,000 
FUEL COST • 15¢!GALLON 
** $/Hr 
4670.94 
3463.91 
2523 .5~ 
~079. 21 
~830.1~ 
1411.04 
1253.64 
2192 .8~ 
'-:""-'~~~":-- ~""""""""''-:-''IJi 
TOTAL IOC 
¢ 
$/N.Mi. Available Seat-N.Mi. 
28.49 8.71 
12.47 3.81 
7.17 2.19 
5.41 1.65 
4.52 1.38 
3.18 .97 
2.74 .84 
5.83 1.78 
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TABLE A-94· 
DC-10-40 D 
TOTAL DOC_.lOC ANU BLOCK SPEED VS DISTANCE 
.. 
.. __ . __ ._.-" 
* DISTANCE BLOCK SPEED TOTAL DOC 
.. , 
(Nautical Mile) Na!.!tlca1 Mile ¢ 
Hr $/Hr $/N.Mi. Available Seat N.Hi. 
I 
100 2322<0;'1 14.16 4.33 
250 2'!87.05 7.87 2.41 
500 12064~.74 5.86 1.79 
750 2003.30 5.21 1.59 
1,000 1969.51 4.86- 1.49 
2,000 1923.89 4.34 1.33 
3,000 1930.80 4.22 1.29 
AVG. STAGE 2011.28 5.34 1.63 
* FROM OAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 327 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $31,090,000 
FUEL, COST • 30¢/GAllON 
** 
TOTAL JOe 
¢ 
** $/Hr $/N.Mi. Available Seat-N.Mi. 
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TABLE A-95 
DC-l0-40 0 
TOTAL DOC. 10C AND BLOCK SPEED VS DISTANCE 
.... * 
DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. ~vai'ab'e Seat N.Ri. 
100 ~932.86 17.89 5.47 
250 ~829.38 10.19 3.·11 
500 ~713 .. 08 7.71 2.36 
750 ~650. 55 6.89 2.11 
1.000 2617.03 6.46 1.98 
2,000 2583.53 5.83 1.78 
3,000 2619.12 5.72 1.75 
AVG. STAGE 2651.08 7.04 2.15 
L-_. __ . __ 
-
* FROM DA~ PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 327 
LOAD FACTOR • 58.0% 
AIRCRAFT PRICE (1973$). $31,090,000 
FUEL COST • 60¢/GALLON 
** 
"-=.::,' .: ~,:;, 
TOTAL 10C 
¢ 
** $/Hr $/N.Mi. ~vai1able Seat-N.Ml. 
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DOC COf4>ONENT 
CREW 
INSURANCE 
DEPRECIATION 
MAINTENANCE: 
AIRFRAME 
ENGINE 
FUEL @ 1St/GAL 
TOTAL DOC 
FUEL @ 3Ot/GAL 
TOTAL DOC 
FUEL @ 60t/GAt 
TOTAL DOC 
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TABLE A-96 -
DC-10-40 0 ~ DOC COMPONENTS VS OISTANCE (¢/ASNM) 
100 250 500 750 1,000 2,000 
.427 .252 .199 .182 .173 .158 
.176 .104 .082 .075 
.072 .065 
1.159 .684 .539 .494 .469 .429 
1.103 .477 .271 .202 .168 .115 
.327 .184 .139 .125 .117 .105 
I 
! 
.570' .353 .282 .257 .244 .227 
3.762 2.054 1.512 1 •. 335 1.243 1.099 
1.140 .707 .563 .515 .489 .455 
4.332 2.408 1.793 1.593 1.488 1.327 
2.279 1.414 1.126 1.029 .978 .910 
5.471 3.115 2.356 2.107 1.977 1.782 
---~------ .. _.- -
-
AVE. 
3,000 STAGE 
LENGTH 
.153 .186 
.063 .077 
.415 .505 
.098 .218 
.101 .128 
.230 .260 
1.060 1.374 
.459 .520 
1.289 1.634 
I 
.919 1.04:) 
1.749 2.154 
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TABLE A-97 
OC-9-30 Dl 
-.--.--.~~.- ,<'.."~...:l~J "'.:'-_.,.', ..... '. 
----.~ . ..,..~<- . ..- '-~<'--:'l - '~~~~ 
1 
'! 
~ 
; 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Available Seat N.Mi. 
100 182 636.21 3.50 2.99 
250 281 608.55 2.17 1.85 
500 342 590.33 1.72 1.47 
750 369 582.84 1.58 1.35 
1,000 385 578.29 1.50 1.29 
1,250 394 576.19 1.46 1.25 
1,500 401 697.02 1.74 1.23 
AVG. STAGE 296 718.40 2.43 1.75 
* FROM DAe PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS = 117 
LOAD FACTOR = 58.0% 
AI RCRAFT PR I CE (1973$) = $7,400,000 
FUEL COST = 15¢/GALLON 
\" 
... - ~ ................... -.. -~~, ..... ~~~-................. ""'--,~"' ...... ,-",~ 
TOTAL IOC 
** 
¢ 
** $/Hr $/N.Mi. Available Seat-N.Mi. 
- .... __ .-
1591.4~ 8.75 7.48 
1l08.9f 3.95 3.37 
803.9( "2.35 2.01 I 
I 
670,ll 1.81 1.55 
595.0f 1.55 1.32 
547.m 1.39 1.19 
513.64 1.28 1.09 
~037 .34 3.51 3.00 
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TABLE A-98 
DC-9-30 01 
TOTAL DOC. IOC AND BLOCK SPiED VS DISTANCE 
. --, .... --. _.- .*' 
DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
** Rr $/Hr $/N.Mi. Available Seat N.Ri. 
lOa 743.68 4.09 3.50 
250 722.12 2.57 2.,20 
500 707.03 2.06 1.76 
750 701.40 1.90 1.62 
1,000 697.55 1.81 1.55 
1,250 696.71 1.77 1.51 
1,500 575.18 1.43 1.49 
AVG. STAGE 604.18 2.04 2.08 
* FROM OAt PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS· 117 
LOAD FACT~R • 58.01 
AIRCRAFT PRICE (1973$). $7,400,000 
FUEL COST • 30t/GALLON 
TOTAL IOC 
¢ 
** $/Hr $/N.M1. Available Seat-N.M'. 
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TABLE A-99 
OC-9-30 01 
TOTAL DOC, lac AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
Wautica 1 Mil e) Nautical M;le ¢ 
Hr $/Hr $/N.Hi. Available Seat N.Ri. 
100 958.6C 5.27 4.51 
250 949.27 3.38 2 .• 89 
500 940.41 2.75, 2.35 
750 938.51 2.54 2.17 
1.000 936.07 2.43 2.08 
1,250 937.75 2.38 2.03 
1.500 940.72 2.35 2.00 
AVG. STAGE 9~6.85 3.20 2.73 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS D 117 
LOAD FACTOR • 58.0% 
AIRCRAFT PRICE (1973$). $7,400,000 
FUEL COST • 60¢jGALLON 
** 
I 
TOTAL IOC 
¢ 
** $/Hr S/N.Mi. Available Seat-N.Mi. 
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~ (N.r~I:) 100 DOC COI'aPONENT 
CREW .708 
INSURANCE .116 
. 
i 
~ DEPRECIATION .761 
.' ~. 
f 
r 
~ 
~ 
~ 
f-lAI NTENANCE : 
AIRFRAME .592 
ENGINE .309 
FUEL @ 1St/GAL .,505 
TOTAL DOC 2.991 
FUEL @ lO¢/GAL' 1.010 
TOTAL DOC 3.496 
FUEL @ 60t/GAL 2.020 
TOTAL DOC 4.506 
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TABLE A-100 
DC-9-30 01 - DOC COMPONENTSV5 DISTANCE (t/ASNM) 
250 500 750 1.000 1.250 1.~OO 
.458 .376 .348 .334 .326 .321 
.075 .062 .057 .055 .054 .052 
.493 .404 .375 .360 .351 .345 
.298 .200 .168 .151 .142 .135 
.182 .140 .126 .120 .115 .113 
.346 .291 .274 .265 .261 .260 
1.852 1.473 1.348 1.285 1.249 1.226 
.691 .583 .549 .530 .522 .519 
2.197 1.765 1.623 1.550 1.510 i .485 
1.382 1.165 1.097 1.060 1.045 1.039 
2.888 2.347 2.171 2.080 I 2.033 2.005 
i 
AVE: 
STAGE 
LENGTH 
.435 
.071 
.467 -
.271 
.171 
• 330 
1.745 
.660 
2.075 
1.320 
2.735 
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TABLE A",lOl 
DC-9-30 02 
TOTAL DOC. IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK ~SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Hi. ~vai1a61e Seat R.Ri. 
100 182 684.99 3.77 3.09 
250 281 658.40 2.34 1 ~.92 
500 342 637.44 1.86 1.53 
750 369 628.10 1.70 1.39 
1,000 385 622.86 1.62 1.33 
1,250 394 620.20 1.57 1.29 
1,500 401 618.66 1.54 1.26 
AVG. STAGE 296 652.10 2.20 1.81 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS. 1~2 
LOAD FACTOR • 58.01 
AIRCRAFT PRICE (1973$). $8,950,000 
FUEL COST • 1St/GALLON 
** $/Hr 
1652.01 
1150.0E 
832. 5~ 
693.3~ 
615. H 
565.14 
530.31 
1075. 4~ 
TOTAL IOC 
¢ 
** $/N.M1. ~vai1a61e Seat-N.Ml. 
---
9.09 7.45 
4.09 3.36 
2.43 1.99 
1.88 1.54 
1.60 1.31 
1.43 1.17 
1.32 1.08 
3.63 2.98 
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TABLE A-102 
DC-9-30 02 
TOTAL DOC. IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Hr $/Hr $/N.Mi. Available ~eat N.Rl. 
100 789.52 4.34 3.56 
250 771.35 2.75 2 .. 25 
500 751.52 2.19 1.80 
750 742.55 2.01 1.65 
1,000 737.50 1.92 1.57 
1.250 735.67 1.87 1.53 
1.500 735.01 1.83 1.50 
AVG. STAGE 763.95 2.58 2.12 
* FROM DA~ PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS· 122 
LOAD FACTOR • 58.0% 
AIRCRAFT PRICE (1973$;>. $8.950,000 
FUEL COST • 30¢/GALLON 
** 
"~r ::. 
$/Hr 
.... t~ .,., "-,' .. r' -.-r"r-r~ ...,.- .. ---~ryo-..---, 
'; - ',:,:;~~.:;;~.::;~~: .. ~ ~ .. ~=- , - ~..,. .... .,,,, ,~-~.-
TOTAL IOC 
$/N.Mi. 
¢ 
Available Seat-N.Mt. ** 
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TABLE A-103 
DC-9-30 02 
TOTAL DOC. IOC AND BLOCK SPEED VS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
cr.auti ca 1 Mil e) Nautical Mile ¢ 
Rr $/Hr $/N.Mi. ~vanali1e Seat N.RI. 
100 998.59 5.49 4.50 
250 997.24 3.55 2 •. 91 
500 979.70 2.86 2.34 
750 971.43 2.63 2.16 
1,000 966.79 2.51 2.06 
1,250 966.62 2.45 2.01 
1,500 967.72 2.41 1.98 
AVG. STAGE 987.65 3.34 2.74 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS. 122 
LOAD FACTOR • 
AIRCRAFT PRICE (1973$). 
FUEL COST • 
58.0S 
$8,950,000 
60t/GALLON 
** 
TOTAL 10C 
¢ 
** $/Hr $/N.Mi. Availalile Seat-N.M'. 
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N 
~ (N.rU. ) DOC COr·~ONENT 
CREW 
INSURANCE 
DEPRECIATION 
MAINTENANCE: 
AIRFRAME 
ENGINE 
FUEL @ 15¢1GAl 
TOTAL DOC 
FUEL @ 3Ot/GAl 
TOTAL DOC 
. 
FUEL @ 60t/GAL 
TOTAL DOC 
100 
.680 
.135 
.883 
.585 
.334 
.471 
3.088 
.942 
3.559 
1.885 
4.502 
I 
! ' 
TABLE A-104 
OC-9-30 02 - DOC COMPONENTS VS DISTANCE (t/ASNM) 
250 500 750 1,000 
.441 .361 .335 .322 
.087 .072 .066 .064 
.571 .469 .434 .417 
.295 .198 .166 .150 
.198 .153 .138 .130 
.329 .273 .254 .244 
1.921 1.526 1.393 1.327 
.659 .546 .508 .489 
2.251 1.799 1.647 1.572 
1.318 1.092 1.016 .977 
2.910 2.345 2.155 2.060 
,;~. 
"~/. 
1,250 1,500 
.314 .308 
.062 .061 
.407 .400 
.140 .134 
.126 .123 
.240 .238 
1.2.89 1.264 
.48G .476 
1.529 1.502 
.960 .951 
2.009 1.977 
~~·a~Y(,.. ~P})~~) )I.~' ~;':t 
AVE. 
STAGE 
LENGTH 
.418 
.083 
.542 
, 
.268 
i 
.185 
.310 
1.806 
.620 
2.116 
1.239 
2.735 
~ .. '- - .... '~ ... ' .... ;)
~ 
I 
, ,1 
, 
~ 
'1 
·l 
1 
'! 
I ~ 
!'l 
~l 
.~~ 
I J. 
.. , 
'i , 
.I 
1 , 
'-
~. ~~. 
. .... " .n, .• ' •. ,''''. ·.w·,"""' ........ ';.:-... - ............. ~~" .. ~_, .... , .. Miili_,Il_I·, .... lillillA'#.lil'J •• IUU.' .' I1l1lftlUn 1M £ 
_ ... ,"""''-•. ,.-_ .......... ~~, ....... "~.~.-'-"'".'- .. " ... , .. ,,, .. A"~'.'-:" .. ,,_._ ' •• ', ...... ~ •. ~ .. ~. _
_
 •. '>I" .. ," .J .••• L< ____ ................ ~ ....... M"" .•• "" ( ..... r ... t.44I!!:;_.-.. 
I,~-~~ -
w 
w 
w 
-.--',....-..,..........",..,--.~-~ ....  .. 
- ... "' .. ~-~::"'~:"J.*!':-' ~'~_ ,£4' *iii! 
'-~~> , •• ,~-~- --,----- .X ....,.-;-----, ~-~":.-~-::--:-:-'-.-~ --_____ ~ ___ ~.-:r~-.-. -:",~t..,,;!i:::--_-
TABLEA-l0_5 
DC-9-30 D3 
TOTAL DOC, IOC AND BLOCK SPEED YS DISTANCE 
* DISTANCE BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ 
Rr S/Hr S/N.Mi. ~yai1a61e Seat N.Mi. 
100 182 549.75 3.02 3.29 
250 284 532.74 1.88 2.04 
500 355 520.36 1.47 1.60 
750 381 511.86 1.34 1.46 
1,000 397 507.78 1.28 1.39 
1,250 408 506.03 1.24 1.35 
1,500 417 506.00 1.21 1.32 
AVG. STAGE 302 531.04 1.76 1.91 
* FROM DAC PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS • 92 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $5,410,000 
FUEL COST • 15¢1GALLON 
** S/Hr 
1319.3' 
924.2~ 
I 577.9 
560.0 
495.6 
455.3 
427.1 
870.1l 
-
TOTAL IOC 
¢ 
** S/N.Mi. ~yai1a61e ~eat-N.Mt. 
--.---
7.26 7.89 
.3.25 3.54 
1.91 2.08 
1.47 1.60 
1.25 1.36 
1. 11 1.21 
1.03 1.11 
2.88 3.13 
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OC-9-30 03 ~'., i' TOTAL DOC. IOC AND BLOCK SPEED VS DISTANCE t,. 
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* DISTANCE -I BLOCK SPEED TOTAL DOC 
(Nautical Mile) Nautical Mile ¢ Rr $/Hr $/N.Mi. Available Seat R.Ri. 
100 ~47.44 3.56 3.87 
250 ~39.49 2.25 2.45 
500 ~31.06 -1.78 1.93 
750 ~21. 76 1.63 1.]8 
1,000 ~17 .85 1.56 1.69 
1,250 ~17.02 1.51 1.64 
1,500 ~18.84 1.49 1.61 
AVG. STAGE 639.72 2.12 2 30 
* FROM DAe PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS· 92 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $5,410,000 
FUEL COST • 30¢jGALLON 
** $/Hr 
-" --~~-'~----~ 
,:::;- "-
TOTAL IOC 
. .-..-. 
$/N.M1. ¢ Avai1a61e ~eat-N.M'. ** 
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TABLE A.;.107 
DC-9-30 03 
TOTAL DOC, IOC AND BLOCK SPEED VS DISTANCE 
....- -- ... -
--"--- - .. _* 
DISTANCE BLOCK SPEED TOTAL DOC 
Ulaut i ca 1 Mil e) Nautical Mile ¢ 
** Rr $/Hr S/N.Mi " 'Aval1a61e Seat R.Fit. 
100 842.83 4.64 5.04 
250 852.99 3.00 3.26 
500 852.47 2.40 2.61 
750 841.58 2.21 2.40 
1,000 837.98 2.11 2.30 
1,250 839.00 2.05 2.23 
1,500 844.51 2.03 2.20 
AVG. STAGE 851.07 2.84 3.08 ~---
* FROM DA~ PERFORMANCE DATA FOR BASELINE FLIGHT PROFILES 
** TOTAL NUMBER OF SEATS· 92 
LOAD FACTOR • 58.0S 
AIRCRAFT PRICE (1973$). $5,410,000 
FUEL COST • 60¢/GALLON 
. 
- --- ~ _. 
TOTAL IOC 
I 
S/Hr $/N.M1. 
¢ 
~vai1a6'e ~eat-R.Mf. ** 
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~, BLOCK DISTANCE .~ (N~r41.) 
.... " DOC COMPOt4ENT .,~ 
1-----
CREW 
INSURANCE 
DLPf(LCIAT ION 
MAINTENANCE: 
AIRFRAME 
ENGINE 
100 
.894 
.108 
.708 
.623 
.370 
TABLE A-108 
DC-9-30 03 - DOC COMPONENTS VS DISTANCE (¢/ASNM) 
250 
.572 
.069 
.453 
.320 
.216 
500 
.459 
.055 
.363 
.217 
.162 
750 
.427 
.051 
.338 
.185 
.146 
1.000 
.410 
.049 
.324 
.168 
.138 
1,250 1,500 
-r-"- . .,....._- ~. ----.-~ 
AVE. 
STAGE 
LENGTH 
---l---~--4---.---l 
.398 
.048 
.315 
.157 
.133 
.390 
.047 
.309 
.151 
.129 
.538 
.065 
.426 
.291 
.200 
~ -.-~---t----+==----+----+----+----t-------f----+---'-' 
FUEL @ 15t/GAL 
TOTAL DOC 
FUEL @ 3D;/GAL 
TOTAL DOC 
~ 
.584 
3.287 
1.168 
3.871 
.408 
2.038 
.817 
2.447 
.339 
1.595 
.678 
1.934 
.314 
1.461 
.628 
1.775 
.302 
1.391 
.603 
1.692 
.295 
1.346 
.591 
1.642 
.294 
1.320 
.588 
1.614 
.391 
1.911 
-I .782 
2.302 
l FUEL@ 6. O¢/GA~ 2.336 1.634 1.357 1.256 1.206J 1.181 1.177 1.564 TOTAL DOC 5.039 3.264 2.613 2.403 2.295 2.232 2.203 3.084 --------~--------~-----~ 
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Distance 
(ffot) 
100 
250 
500 
750 
1,000 
1,250 
1,500 
Aircraft 
Price 
(1973 $) 
DOC15t 
$/Hr : $/NM 
1256.12 6.28 
1126.97 3.88 
107r.;.02 2.93 
1044.24 2.65 
1032.14 2.48 
1022.49 2.39 
1017 .00 2.33 
I 
, $ 15,700,000 
-r;;:~'.::::':''''~_' "-;-"<.::,.,-::: 
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¢/ASNM 
3.12 
1.93 
i.46 
1.32 
1.23 
1.19 
1.16 
TABLE A-109 
NSO-2.1S DIRECT OPERATING COSTS VS DISTANCE 
FUEL PRICE = 15¢/GALLON 
OOC30t OOC60¢ 
$/Hr $/NH ¢/ASNM $/Hr $/NM 
1255.37 6.28 3.12 1264.53 6.32 
1118.30 3.89 1.94 1111.32 3.96 
1053.93 2.93 1.46 1044.01 2.99 
1022.S2 2.66 1.32 1010.45 2.71 
1005.74 2.49 1.24 994.50 2.54 
996.15 2.41 1.20 984.17 2.44 
987.63 2.35 1.17 975.65 2.39 
¢/ASNM 
3.15 
1.97 
1.49 
1.35 
1.26 
1.21 
1.19 
$ 15,710,000 $ 15,854,000 
•. _,.--: .-.-.~ :::'~';~-:;:-;;;:::::2_''':;:z:,':-':.':::.:n:t'".~~:;;;;:::",=:;~. 
MIN. FUEL 
$/Hr $/NM ¢/ASNM 
1286.90 6.43 3.20 
1117 .90 4.02 2.00 
1031.21 3.16 1.57 
994.05 2.86 1.42 
975.13 2.70 1.34 
960.70 2.62 1.30 
953.13 2.56 1.27 
I 
$ 16,086,000 I 
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Vol 
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00 
Distance (NM) 
100 
250 
500 
750 
1,000 
1,250 
1,500 
Aircraft 
Price 
(1973 $) 
DOC15¢ 
S/Hr $/NM ¢/ASNM 
1448.66 7.24 3.60 
1311.80 4.51 2.25 
1271.92 3.46 1.72 
1238.66 3.14 1.56 
1230.36 2.95 1.47 
1221.84 2.85 1.42 
1218.23 2.79 1.39 
S 15,700,000 
, 
TABLE A-110 
NSO-2.15 DIRE€TOPERATING COSTS VS DISTANCE 
FUEL PRICE = 30¢/GALLON 
DOC30t DOC60¢ 
$/Hr S/NM ¢/ASNM S/Hr S/NM ¢/ASNM 
1447.91 7.24 3.60 1457.06 7.29 3.62 
1298.43 4.52 2.25 1282.37 4.57 2.27 
1232.71 3.43 1.70 1211.53 3.47 1.72 
1200.78 3.12 1.55 1 "174.74 3.15 1.57 
1182.68 2.93 1.46 1158.68 2.95 1.47 
1174.07 2.84 i.41 1148.47 2.85 1.42 
1164.50 2.77 1.38 1139.07 2.79 1.39 
$ 15,710,000 $ 15,854,000 
MIN. FUEL 
$/Hr S/NM 
1479.44 7.40 
1284.57 4.62 
1184.85 3.63 
1141.23 3.29 
1119.80 3.10 
1101.86 3.01 
1093.98 2.94 
S 16,086,000 
¢/ASNM 
3.68 
2.30 
1.80 
1.64 
1.54 
1.50 
1.46 
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DOC15¢ 
Dhtance 
(NH) S/Hr S/NH ¢/ASNH 
100 1833.73 9.17 4.56 
250 1681.47 5.78 2.88 
W 
W 
\0 500 1663.71 4.53 2.25 
750 1627.50 4.12 2.05 
1,000 1626.82 3.90 1.94 
1,250 1620.53 3.79 1.88 
1,500 1620.71 3.71 1.84 
Aircraft 
Price S 15,700,000 (1973 $) , 
TABLE A-111 
N8O-2.15 DIRECT OPERATING COSTS VS DISTANCE 
FUEL PRICE s 60t/GALLON 
DOC30t DOC60¢ 
S/Hr $/NH ¢/ASNH $/Hr S/NH ¢/ASNH 
1832.98 9.16 4.56 1842.14 9.21 4.58 
1658.70 5.77 2.87 1624.48 5.78 2.88 
1590.27 4.42 2.20 1546.56 4.42 2.20 
1556.69 4.05 2.01 1503.32 4.03 2.00 
1536.55 3.81 1.90 1487.04 3.79 1.89 
1529.91 3.70 1.84 1477 .06 3.66 1.82 
1518.25 3.61 1.80 1465.91 3.60 1.79 
$ 15,710,000 $ 15,854,000 
. .. -~--'---------~-"'-~-'~---.--~~ 
";,,'" --::1' • ___ "",,_~=J..~r···o-::~,:.-~· 
HIN. FUEL 
$/Hr $/NH ¢/ASNM 
1864.51 9.32 4.64 
1617 .90 5.82 2.90 
1492.14 4.57 2.27 
1435.60 4.13 2.06 
1409.15 3.90 1.94 
1384.17 3.78 1.88 
1375.68 3.70 1.84 
$ 16,086,000 
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DISTANCE 
(NM) 
100 
250 
500 
750 
1.000 
1.250 
1.500 
-----
DOC 1St 
$/Hr $/Nf1 
3209.10 16.05 
2084.87 7.17 
1525.94 4.15 
1247.42 3.16 
1105.14 2.65 
1007.18 2.35 
940.66 2.15 
L 
TABLE A-H2. 
N80-2.15 INDIRECT OPERATING COSTS VS DISTANCE 
DOC 30t DOC 60t 
¢/ASNM $/Hr $/NI1 ¢/ASNM $/Hr $/NM 
7.98 3198.59 15.99 7.96 3201.07 16.01 
3.57 2058.23 7.16 3.56 2020.19 7.19 
2.07 1495.18 4.16 2.07 1462.70 4.18 
1.57 1220.03 3.17 1.58 1193.17 3.20 
1.32 1076.57 2.67 1.33 1055.69 2.69 
1.17 981.54 2.37 1.18 964.22 2.39 
1.07 913.61 2.17 1.08 895.59 2.20 
'"T~.-~ __ :'~ -~. 
MINIMUM FUEL 
¢/ASNM $/Hr $/NM ¢/ASNM 
7.96 3220.04 16.10 8.01 
3.58 2011.50 7.24 3.60 
2.08 1393.68 4.26 2.12 
1.59 1136.20 3.27 1.63 
1.34 999.88 2.77 1.38 
1.19 907.51 2.48 1.23 
1.09 847.01 2.28 1.13 
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TABLE A-l13 
NOO-2.30 DIRECT OPERATING COSTS VS DISTANCE 
FUEl PRICE = 15 ¢/GJ\LLON 
OOC15¢ OOC30¢ Dnc60¢ 
Distance i (Nfl) $/Hr SIN'" ¢iASNr4 $/Hr $/rH-l ¢/ASNM $/Ur S/NrA ¢/ASN~' $/Hr 
TOO 1324.74 7'.95 3.96 '1331.94 7.99 3.98 1336.29 3.02 3.99 1357.40 
250 1233.72 4.44 2.21 1238.92 4.4G 2.22 1237.73 4.51 2.24 1253.15 
500 1173.50 3.29 1.64 1165.43 3.29 1.64 1160.67 3.30 1.64 1151.83 
750 1147.72 2.89 1.44 1134.18 2.92 1.45 1117.04 2.98 1.48 1104.50 
1000 1126.26 2.71 1.35 1112.23 2.75 1.37 1096.66 2.81 1.40 1081.29 
1500 n07.93 2.55 1.27 1093.47 2.58 1.28 1073.90 2.64 1.31 1057.58 
2000 1102.33 2.45 1.22 1083.92 2.49 1.24 1064.56 2.55 1.27 1045.12 
2500 1096.32 2.41 1.20 1078.52 2.45 1.22 1058.43 2.51 1.25 1039.54 
3000 1C97.8C 2.39 1.19 1077 . 75 2.42 1.21 1057.56 2.49 1.24 1035.65 
Aircraft 
Price ' $ 18.134,000 $ ~8.286 ,DOD $' 18,412.000 $ (1973$) 
-'r----.-~-. "-.. ---....,..,- ,-, -1--
HIN FUEl 
.. 
$lm1 ¢/ASNM 
8.14 4.05 
4.56 2.27 
3.48 1. 73 
3.17 1.58 
3.01 1.50 
2.83 1.41 
2.75 1.37 
2.70 1.35 
2.68 1.34 
18,682,000 
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I onc15¢ 
Distance 
UU·~) $/Hr S/llt: c/ f..5Wl 
100 1522.51J 9.14 4.55 
250 1432.73 5.16 2.57 
500 1378.19 3.86 1.92 
750 1357.39 3.42 1.70 
1000 11333.41 I 3.21 loGO 
1500 11317.53 I 3.03 1.51 
2000 1318.16 2.93 1.4G 
2500 1312.27 2.8Y 1.44 
3000 1320.06 2.87 I 1.43 
Aircraft 
Price , $ 18.134.000 
112,71,s.L ~-
NBO-2.30 
S/Hr 
1 !i29. 70 
1437.92 
1359.14 
1329.06 
1304.39 
1237.62 
1279.j7 
1275.80 
1273.94 
$ 
TABLE A-114 
nIPECT OPErATHIf- COSTS VS DISTANCE 
FlIEL PPICE = 30ar,f\UOtI 
(')('(30¢ OOC'60¢ 1m. FUEL 
S!tl~l Ufl.5rW SfI;r ~/NI!1 ¢If\.SN~1 S/Hr $/N~1 t/ASNI' 
9.12 4.57 1534.05 9.20 4.58 1555.16 9.33 4.64 
5.18 2.57 1434.::14 5.22 2.60 1449.97 5.28 2.63 
3.83 1. 91 1348.28 3.R3 1. 91 1326.79 4.01 1.99 
3.42 1.70 1296.14 3.46 1.72 1267.98 3.63 1.81 
3.22 1.60 1274.19 3.26 1.62 1240.74 3.45 1.72 
3.04 1.51 1249.25 3.07 1.53 1213.52 3.25 1.62 
2.94 1.46 1241.33 2.98 1.48 1199.33 3.16 1.57 
2.90 1.44 1235.95 2.94 1.46 1194.71 3.11 1.55 
2.~ 1238.77 2.91 1.45 1191.51 3.09 1.54 
I 
18.286.000 $ 18,4~2.000 $ 18.682,000 
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[Distance 
OOC11': ~¢ 
(rm) $/Hr $/NH 
100 1918.03 11.. 51 
250 1830.73 6.59 
500 1787.57 5.01 
750 1776.72 4.48 
1000 1747.73 4.21 
1500 1736.74 3.99 
2000 1748.32 3.89 
2500 1744.15 3.84 
3000 1764.47 3.33 
Aircraft 
'$ Pr;ce 18,~34,00O (1973$) 
, 
I J 
r-'l 
TABLE A .. ,]] 5 
NSO-2.30 DIRECT OPERATING COSTS VS DISTANCE 1 FUEL PRICE = 60¢/GALLON 
OOC30¢ 
- -- Of'C6Ort r~H! FlIEL 
¢/AsrU1 $/Hr $/rIH ¢/ASNM S/Hr $/rIt·, ¢/ASNM S/Hr $Iml ¢/Asrm 
5.73 1925.22 11. 55 5.75 1929.57 11.58 5.76 1950.69 11.70 5.82 
3.28 1'135.93 6.61 3.29 1828.18 6.65 3.31 1843.60 6.71 3.34 
2.49 1746.57 4.93 2.45 1723.52 4.89 2.44 1676.69 5.06 2.52 
2.23 17Hl.82 4.42 2.20 1654.35 4.41 2.20 1594.95 4.57 2.28 
2.10 1688.70 4.17 2.08 1629.25 4.17 2.07 1559.65 4.34 2.16 
1.99 1675.93 3.96 1. 97 1599.93 3.94 1.96 1525.39 4.09 2.03 
1. 94 Hi70.87 3.84 1. 91 1594.87 3.83 1. 90 1507.75 3.97 1. 98 
1. gl 1670.35 3.80 1.89 1590.99 3.78 1.88 1505.04 3.91 1.95 
1. 91 16F11.34 3.78 1.83 1601.19 3.7G 1.87 1503.22 3.89 1.94 
, 
S 18.286,000 $' 18.4'12,000 $ 13,682,000 
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DISTANCE 
(NM) 
100 
250 
500 
750 
1,000 
1,500 
2,000 
2,500 
3,000 
DOC 15¢ 
$/Hr $/NM 
2872.89 17.24 
2105.93 7.58 
1558.36 4.36 
1304.19 3.29 
1144.23 2.76 
969.25 2.23 
880.38 1.96 
819.56 1.80 
780.56 1.70 
,~~ -~"<'-X:·. ,--.~"--~-.-~ .. ,,. -,~ .. ~" "------~- 1 
'. <:.i'- "~~.~"" 
TABLE A-1l6 
N80-2.30 INDIRECT OPERATING COSTS VS DISTANCE 
- DOC 30¢- DOC60¢ 
¢/ASNM $/Hr $/NM ¢/ASNM $/Hr $/NM 
8.58 2863.37 17.18 8.55 2852.94 17.12 
3.77 2099.48 7.56 3.76 2073.00 7.55 
2.17 1544.88 4.36 2.17 1531.45 4.35 
1.64 1280.20 3.29 1.64 1242.98 3.31 
1.37 1121.29 2.77 1.38 1090.23 2.7.? 
1.11 950.49 2.24 1.12 922.57 2.27 
.97 860.13 1.98 .98 835.74 2.01 
.90 802.02 1.82 .91 779.26 1.85 
.84 763.88 1.72 .85 742.86 1.75 
:"""'~ ,-:?,::'" :~.~L::-- ~iV -" ~"r- ':''!.~~. '_':-":':1:JiI(:.~-_:-~r.:.:.::.~:: -'X~;PJ:!:."~)!-'"J1,:··> <?! 
~lINIMUM FUEL 
¢/ASNM $/Hr $/Nl~ ¢/ASNM 
8.52 2863.37 17.18 8.55 
3.75 2079.78 7.57 3.77 
2.16 1463.53 4.42 2.20 
1.65 1181.58 3.39 1.69 
1.39 1031.60 '2.87 1.43 
1.13 874.69 2.34 1.17 
1.00 790.90 2.08 1.04 
.92 740.58 1.93 .96 
.87 704.37 1.82 .9i 
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r-~-~· 
w 
~ 
VI 
=~-=-~~=-"~.-"."-,~, 
DOC15¢ 
Distance 
(NM) $/Hr $/NM 
100 1992.11 10.96 
250 1802.03 6.34 
500 1700.58 4.69 
750 1644.07 4.17 
1000 1614.62 3.91 
1500 1584.90 3.63 
2000 1570.82 3.52 
2500 1565.23 -3.44 
3000 1566.37 3.40 
Aircraft $ 28,012,000 Price 
(1973 S) 
.. 
~·~·~1"'-:-····"- ... -
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TABLE A-1l7 
N80-4.30 DIRECT OPERATING COSTS VS DISTANCE 
FUEL PRICE = 15¢/GALLON 
DOC30¢ OOC60ct; MIN FUEL 
¢/ASNM $/Hr $/NM ¢/ASNM $/Hr $/NM ¢/ASNM $/Hr $/NM ¢/ASNM 
2.71 1997.03 10.98 2.72 2016.25 11.09 2.75 2136.97 11.75 2.91 
1.57 1784.49 6.35 1.57 1771.25 6.52 1.61 1850.60 6.88 1.70 
1.16 1655.29 4.77 1.18 1647.08 4.81 1.19 1687.09 5.23 1.30 
1.03 1601 .16 4.21 1.04 1582.04 4.28 1.06 1611.89 4.69 1.16 
.97 1569.09 3.92 .97 1551.26 . 3.99 .99 1572.63 4.40 1.09 
.90 1536.32 3.67 .91 1517.95 3.71 .92 1531.03 4.13' 1.02 
.87 1523.22 3.53 .87 1502.66 3.58 .89 1512.04 3.99 .99 
.85 1515.85 3.45 .85 1492.59 3.50 .87 1501.09 3.91 .97 
.84 1512.35 3.42 .85 1492.04 3.46 .86 1495.58 3.87 .96 
$ 28,080,000 $ 28,4~4,000 $ 30,218,000 
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Distance 
(NM) 
100 
250 
500 
750 
1000 
1500 
2000 
2500 
3000 
Aircraft 
Price 
(1973 $) 
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TABLE A-118 
N80-4.JO DIRECT OPERATIN,G COSTSVS DISTANCE 
FUEL PRICE = JO¢/GALLON 
DOC15¢ DOC30¢ DOC60¢ 
$/Hr $/NM ¢/ASNM $/Hr $lNM ¢/ASNM $/Hr $/NM 
2268.91 12.48 3.09 2273.82 12.51 3.09 2293.05 12.61 
2107.33 7.42 1.84 2076.29 7.39 1.83 2048.67 7.54 
2036.40 5.62 1.39 1958.46 5.64 1.39 1935.36 5.65 
1986.96 5.03 1.25 1911.41 5.02 1.24 1869.89 5.06 
1964.32 4.75 I 1.18 1882.52 4.71 1.17 1843.08 4.74 
1944.15 4.46 1.10 1856.50 4.43 1.10 1815.64 4.44 
1937.62 4.34 1.07 1851.06 4.29 1.06 1806.03 4.30 
1939.72 4.27 1.06 1849.51 4.21 1.04 1799.24 4.22 
1951. 11 4.24 1.05 1851.76 4.19 1.04 1807.09 4.19 
$ 28,012,000 $ 28,080,000 I 
$ 28,494,000 
_ .. 
MIN FUEL 
¢/ASNM $/Hr $/NM ¢/ASNM 
3.12 2413.77 13.28 3.29 
1.87 2122.63 7.90 1.96 
1.40 1958.63 6.07 1.50 
1.25 1878.90 5.46 1.35 
1.17 1838.89 5.15 1.28 
1.10 1797.48 4.85 1.20 
1.06 1781.29 4.70 1.16 
1.05 1773.04 4.62 1.15 
1.04 1771.38 4.59 1.14 
$ 30,218,000 
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TABLE A-119 
N80-4.30 DIRECT OPERATIrlG COSTS VS DISTANCE 
-PUEL PPICE = 60¢/G~LLON 
OOC15¢ OOC30t O('lC60¢ 
Distance 
(NH) ,$/Hr $/Nf1 ¢/ASrm S/Hr s/rm c/ASNr1 S/lIr S/W·I 
100 2822.51 15.52 3.84 2827.42 15.55 3.85 2846.64 15.66 
250 2717.91 9.57 2.37 2659.89 9.47 2.34 2603.50 9.58 
500 2708.04 7.47 1.85 2564.80 7.39 1.83 2511 .93 7.33 
750 2672.74 6.77 1.68 2531.92 6.65 1.6~ 2445.58 6.62 
1000 2663.72 6.45 1.60 2509.39 6.27 1.55 2426.74 6.24 
1500 2662.65 6.11 1.51 2496.88 5.96 r,48 2411.03 5.90 
2000 2671.23 5.98 1.48 2506.75 5.80 1.44 2412.76 5.74 
2500 2688.71 5.92 1.46 2516.82 5.73 1.42 2412.52 5.66 
3000 2720.60 5.91 1.46 2530.57 5.72 1.42 2437.20 5.n5 
Aircraft 
Pri ce $ 28,012,000 S M,080,OOO $' 28,494,000 (1973$) 
drM 'e'tr 1/............. h+ ... I!' ........ !!.t.~,~..-.,~ ................ L_~'"< .,~-' .... ,_ •• ~c,,~..:-..,~:.,. .,.--.-'~ ......... , ........ ~-" ........u ...... , 
fl,HI FllEl 
¢/ASm1 S/Hr S/rl~l 
3.88 2967.36 16.32 
2.37 2666.68 9.92 
1.82 2501.73 7.76 
1.64 2412.93 7.01 
1.54 2371.40 6.64 
1.46 2330.37 6.29 
1.42 2319.79 6.12 
1.40 2316.94 6.04 
1.40 2322.98 6.02 
S 3G,218.000 
".--~-~--
I 
¢/ASNt1 
4.04 
2.46 
1.92 
1.74 
1.64 
1.56 
1.52 
1.50 
1.49 
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